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ABSTRACT 

This Unified Sciences and Mathematics for Elementary' 
Schools (USMES) unit challenges students to < learn or te&ch someone 
certain things . (spelling, geometry, metric system). The challenge is 
general enough to apply to many problem-solving situations in 
% mathematics, [science, social science, and language arts at- any - 
elementary school level (grades 1-8). The Teacher Resource Book for 
the unit is divided into five sections. Section I describes the USMES 
approach to student-initiated investigations of real problems, 
including a discussion of the naturfe of .USMES " challenges* " Section 
II provides an overview of possible student activities with comments 
on prerequisite skillsr7 instructional strategies, suggestions when 
using the unit with primary grades, a flow '.chart illustrating, how 
investigations evolve fro* students 1 discussions of teaching/iteaming 
problems, and a hypothetical account of intermediate-level class 
activities. Section III provides documented events o£ actual class 
activities JErom grades 2-5, 4, and 6-8. Section IV includes lists of 
"How To" cards and background papers, bibliography of non-USMES 
materials/ and a glossary. Section V consists of charts identifying., 
skills, concepts, processes, and areas of study learned as students 
become involved with activities in teaching/learning. (JN) 
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Unified Sciences and Mathematics for Elementary Schools: 
Mathematics and the Natural, Social, and Communications 
Sciences in Real Problem .Solving (USMES) was formed in re- 
sponse to, the recommendations pf the 1967 Cambridge Confer- 
ence on the Correlation of Science and Mathematics in the 
Schools,* Since its inceptiori in 1970, USMES has been 
funded by the National Science! Foundation' to develop and 
carry, out field trials of interdisciplinary units centered * 
on long-range investigations of real and practical problems 
(or "challenges") taken from tjie local school/community en- 
vironment. School planners can use these units to design a 
flexible curriculum for 'grades kindergarten through eight in 
which real problem solving plays an important role. 

Development and field, trials were carried out by teachers 
and students in the classroom with the assistance of univer- 
sity specialists at* workshops and at "occasional other meet- 
ings. The work was coqrdinatejl by a* staff at the Education 
Development Cente # r in Newton, Massachusetts. In addition, 
the staff at EDC coordinated implementation programs in- 
volving schools, districts, an$l colleges that are carrying 
out local USMES implementation programs for teachers and 
.schools in their area. 

Trial editions of the following units are currently 
available; 
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. In responding to a long-range challenge, the students 
and te*achers often have need of a wide, range of resources, ! 
In fact, all of the people and materials in the school and 6 
community are important resources for USMES activities; In 
addition USMES provides resources for bot'h teachers and stu- 
dents. A complete set of all the written materials -^emprise 
th§ USMES library, which should be available in each school 
using USMES units. ^These materials include — " 

1, The USMES guide ; This book is a compilation 

k of materials that may be used for long-range 

\ * planning of a curriculum that incorporates 

.1 the USMES program^ It describes the USMES 

- , project, real problem solving, * classroom 
• Strategies, ,the Design Lab, the units, and 

* %r the support materials as well as ways that 

USMES helps -students learn basic skills. 

2 4 -. Teacher Resource Bodies (one for eafch chal- 
lenge) : * Each of these guides to using, USMES 
units describes a broad problem, explains Jidw 
students might narrow that problem to fit 
. their particular needs, recommends classroom 
strategies, presents edited log§^ f rom teachers 
whose^class^s hfkve^ worked^ on the unit, and con--* 
tains charts that indicate basic skills, pro- 
r, , cesses, and areas of study th^t students may 
learn and utilise. * 

3. Design Lab Manytal : This guide helps teachers 

♦ and administrators set up, run, and use a 
Design Lab — a place with tools and materials •* 
in which the students can- build things they 
need for their work on USMES. A Design Lab 

% i f may be a corner of a classroom, a portable 

cart, or a separate room.^ Because many "hands - 
- on" activities may take plkce in the classroom, 
, every USME& teacher should have a Design Lab 
Manual. . , * 

4. '"How To" series : These student materials pro- 
vide irtformatiort to students about specific x 
problems that may arise during USMES units. 

The regular "How To" Series covers problems 
i^.mfeasuring, graphing, data handling, etc., 
. ana i£ available in two versions— a series of 



cartoon-style booklet* for primary grades 
and aperies of magazine-style- booklets with . 
. more reading matter for upper grades . The 
Design Lab "How To" Series is available in ' 
two illustrated card versions—one for pri- 
mary grades and one for upper v grades. A com- 
plete^ list of the "How To" Seribs can be 
found in th^USMES Guide. 

5. " Background Papers : These papers, correlated 
with the "How To" Series, provide teachers 
with information and hints that do not appear 

-in the student materials. A complete list 
can be found in the USMES Guide. 

6. Curriculum Correlation Guide : By correlating 
the twenty-six USMES units with other curric- 
ulilm materials, this book helps teachers to^ 

^integrate USMES with other school 1 activities 
and^lessons . 

\ ' ■ ■■ V ' 

The preceding materials are described in brief irf the 
USMES brochure, which can be used by teachers and\dminis- \ 
trators to 'disseminate information about the progra^Ktto 
the local community, A variety of other dissemination and 
implementation materials are also available for individuals 
and groups involved ,ln local -implementation programs . They 
include Preparing People for" USMES: An Impiemsntation 
Resource Book, the USMES, slide/tape show, the Design Lab 
slide/tape show, the Design Lab brochure, videotapes of 
classroom activities, a general report on evaluation re- 
sults, a map showing the locations of schools conducting 
local implementation of USMES, a list of experienced USMES 
teachers and university consultants, and newspaper $xid 
magazine articles. 



Because Tri-Wall was the only readily available brand of 
three-layered .cardboard at the* time the project beg^n, USMES 
has used it at workshops and in schools; consequently* refrv 
erencetf to Tri-Wall can be found throughout the Teachir "\ 
Resource Books, ' The addresses of suppliers of three-layered 
cardboard can be found in the Design Lab Manual. 



Wnen teachers try a new curriculum for the firfet time, 
they need to understand the philosophy behind the curriculum. 
The USMES approach to student-initiated' investigations of 
re.al problems is oi^lined in section A of this Teacher Re- ' 
source Book, 

Section B starts with a brief overview of possible stu- 
dent activities arising from the challenge; comments on pre- 

, requisite skills are included. Following that is a discus- 
sion of the classroom strategy for USMgS rgal problem- 
solving activities, including introduction of the challenge, 
student activity, resources, and Design Lab use. Subsequent 

- pages include a description of the use of the unit in pri- 
mary grades, a flow chart "and a compos/te log that indicate 
the range of possible student work, am a list of questions 
*that the teacher may find useful for focusing the students 1 
activities on the challenge. 

Because students initiate all the activities in response 
to *the challenge' and because the* work of one 'class may dif- 
fer from that undertaken by' other classes/ teachers familiar 
with USMES need to read only sections A and B before intro- 
ducing the challenge to students. 

Section C of this book is the documentation section, . 
These edited teachers 1 logs show the variety of ways in 
which students in different classes have worked at finding 
a solution to the challenge. 

Section D contains a list of the titles of relevant sets r 
of "How To" Cards and brief descriptions i>f the Background 

-Papers pertaining to the unit. Also included in sectidn D 
is a glossary oFtKe terms used in- .the^Te a ch ey .Resou rce Book 
and an annotated bibliography, , L ~ — - — 

Section E contains ^harts that indicate the comparative 
strengths &f the unitt*in terms of real problem solving, 
mathematics, science, 1 social science, and language arts. It 
also contains a list df/explicit^examples of real problem 
solving and other subiWct area skills, processes, and areas 
of study learned an^utilized in the unit. These charts and 
lists are b*^ed > pn^ocumentation of activities that have 
taken place iYuSMES clksses* Knowing ahead of time vhich, 
basic ;skills and processes are likely to be utilized, teach- 
ers can postpone teaching that part of t^ieir regular program 
until Jater in the year,! At that time students can study 
them in the usual way if \they have not already learned them 
as part of their USMES activities, 

' \ 
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If life were of such a constant nature thqt 
? there were only a fewjjzhores to do and they were 
done over and over in exactly the same way, the 
case for knowing how to solve problems would not 
be so spmpelling'. All one wpuld have to do wguld 
be to learn how to do the few jobs at the outset.^ 
From then on he could rely on memory and habit. 
Fortunately — or unfortunately depending upon one's 
point of 'view — life is not simple and unchanging. 
Rather it p.s changing so rapidly that about all we 
can predict- is that things will be different in the 
future. Jn stfch a wyrld,the ability to adjust and 
to solve one's problems is of paramount importance.*, 

USMES is based on the beliefs that real problem solving 
is an important skill to be ,lean\ed and that many m^th, 

* science, social science, and language arts skills may be 
learned more quickly and easily within the context of stu- 
dent investigations of real problems. Real problem solving, 
as exemplified by USMES, implies a style of. education which 
involved students., in investigating and^solving real -problems. 
It provides the bridge between- the abstractions of the 
school curriculum and- the world of the .student. Each USMES 
unit presents a problem in thfe form of . a, challenge. that is 
interesting^ to ^children because it is both real and prac- 
tical. The problem is real in several respects: ,(1«) the - 
problem applies to some^aspect of student life in the school' 
or -community, (2) a solution is needed and not presently 
known, at least for the .particular case in questioA, (3) the 
students must consider 'the entire situation with all the - 
accompanying variables'and complexities, atid (4) -the problem, 
is. such that the ^work^ done by the students can lead 'to some 
improvement in the situation. -.This Expectation of useful'* 

^accomplishment provides, the Motivation for children to carry, 
out the comprehensive^ investigations nee'ded ti find some 
solution to the challenge. 

The level at which the children approach the problems, 
the investigations that they" carry out, 'and the solutions 



*£enneth B. Henderson and Robert E. Pingry, "Problem-Solving 
in Mathematics," in The Learning* of Mathematics: its Theory 
and Practice, Twenty-first Yearbook' of the National Council 
of Teachers of Mathematics (Washington, D.C.: The Council, 
1953), p. 233. 
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that they devise may vary according to the age and ability 
of the children. However, real problem solving involves 
them, at some level, in all aspects of tfy* problem-solving 
process: definition of the problem; determination of the 
important factors in the problem; observation; measurement; 
collection of data; analysis of the data using graphs, 
charts, statistics, or whatever means the students can find;^ 
discussion; 'formulation and trial of suggested solutions; 
clarification of values; decision making; and communications 
of findings to others.' In addition,, students become more 
inquisitive, more cooperative in working with others, more* 
critical in their thinking, more self-reliant, and more in- 
terested -in helping to improve social conditions. 

To learn the process of real problem solving, the stu- 
dents must encounter, formula^, and find .some solution to 
complete and realistic problems. The students themselves', 
not the teacher, musS analyze the problem,* choose thfe vari- 
ables that should be investigated, search out the facts, and 
judge the correctness of their hypotheses and conclusions? 
In real problem-solving activities, the teacher acts as a^ 
coordinator and collaborator, >not an authoritative answer- 
g'iver. ' ) ^ 1 . * 

The problem is first rewordedlby students in specific 
terms that apply ;to their school or community* and the 
various aspects of the problem -are discussed by the class. 
The students then suggest approaches to the problem ami set 
-priorities for the investigations they plan to carry out. 
A typical USMES class consists ^of several groups working on* 
different aspects of the problem. 'As the groupfe report 
periodically to the class cm their progress, new directions 
are identified and new task forces* are formed as needed. 
Thus, work on ai^USMES challenge provides students with a- 
"discovery-learning 11 or "action-oriented" experience.-^ 

Real problem solving does not rely solely on thef 
discovery-learning concept. In the *eal world people have ' 
access to certain £acts and tpchniques^Vhen they reocig^ize • 
the need for ,them«L The same should be true in (the classroom. 
When the stydents Tn.nd that certain £acts and skills are 
necessary for continuing their investigation, they learn 
willingly itid quickly In a more directed way to acquire 
these facts and skills. Consequently, tro students Should 
have available different resources tljat. they, qiay use as 
they recognize the need for them, but they should st^ll be . 
left with 4 wide scope to explore their own ideas and 
methods* * * > . 

* O 



Certain information oji specif ic* skills is; provided by the 
. sets of USMES "How To 11 Cards , th<* students are referred 
only to the set for which they have clearly identified a 
need and only when they are'unabj^. to proceed on their own/ 
Each "How To 11 * Cards titlelclearly -indicates the skill in- 
volved-- n How to Use a Stopwatch," "How to Make a Bar Graph 
Picture of Your Data/ 1 etc, (A complete list* of the "How 
To" Carcfs can be, found in Chapter IX. of the USMES Guide,) 

^nother resource provided by USMES *i* the Design Lab or * 
its classroom equivalent. The Design Lab provided a cen- 
tral location for tools and materials wliere devices may be 
constructed and tested, without appreciably disrupting, other 
plassroonf activitiea. Ideally, it is -a separate room with 
space for all necessary supplies and equipment and work 
space for'the children, > However, it may be as small as a 
corner of the classroom and may contain only a few topis an<j/ 
supplies % Since the benefits of real, problem solving can be 
obtained by the students only if they have a means* to fol- 
low up their ideas, the' availability of a Design Lab can be 1 
a very important asset/ 

Optimally, the operation of the school [s Design Lab 
should be such as to make, it aVailableSp'the students when- 
ever they need it. It should be as free as possible from 
set scheduling or. programming. The students use the Design 
Lab to try 'out their owh ideas and/or to design^ construct, 
test, and improve many devices initiated by their responses 
to the USMES challenges. While this optimum' operation of 
the Design, Lab may' not always be possible dup to various f 
limitations^ "hands-fan" activities may take place in the 
classroom eVeji thoqgh a Design Lab may hot be available. 
'(A detailed discussion of the Design Lab can be found in 
Chapter, VI of the USMES Guide, .while' a complete list of "How 
To" Cards covering such Design Lab skills as sawing,* gluing, * 
nailing, sblderitjg, is contained in Chapter IX.) 

W6rk on all USMES challenges Va not only sufficiently* * 
complex to require the coliabora?ion of the whole class but / - 
alsp diverse enough to enable each student to contribute 
according to his/her interest and Ability., However, it* 
should be noted that if fewer than ten tp twelve students 
from the claps are 'carrying^ out the investigation of a Unit 
challenge,. the extent of their' discovery and learning can be# 
expected <to be less, than if more members* of the- class are 
involved. While it is, possible for a class tb work on two 
related unit$ at the same time, in many classes ,the students 
£*ogressd>etter with, just One,, 

The amount of time spent each week working .on an USMES 
c}iallenge\is crucial /to a successful resolutiort of. the 
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problem. Each challenge is designed so that the various 
investigations will tjake from thirty to forty-five hours, 
depending on the age of the children, before sO^ae solution 
to the problem is found and some action is taken on the 
results of the investigations. Unless sessions are held at 
least two or three times a week, it is difficult for the 
children to maintain their interest and momentum and to be- 
come involved intensively with, the challenge. the,leitgth of 
each session depends upon the age level of the children and 
the nature of the challenge. Forjsxample, children in the 
primary grades may proceed better "by working on the challenge 
more frequently for shorter petiods of *time, perhaps fifteen 
to^ twenty minutes, while older children may proceed better * 
by' working less frequently for much longer periods of time. 

Student interest and the overall accomplishments- of the 
class in finding and implementing solutions to the challenge 
indicate when the class's general participation in unit 
activities should end. (Premature discontinuance of work 
on a specific challenge is often due more to waning interest 
on the part of the teacher than to that of the students.) 
However, som^ students may continue work on a voluntary 
ba'sis on one problem, while the others begin to Identify 
possible approaches to another USMES challenge. 

Although individual (or group) discovery and student 
initiation of investigations is the 'process in USMES units, 
this dQeh noV imply the constant encouragement of random 
activity. Random activity has an important place in 
children's learning, and opportunities for it should be 
made available at various times. During tfSMESf activities, 
however,, it is believed that children learn to solve real 
problems only wfien their efforts are focused on finding 
some solution to the real 'and practical problem presented 
in, the USMES challenge. It has been found that students 
are 'motivated to overcome many difficulties and frustrations 
in their effiprts to achieve the |oal of effecting, some 
change or at least of providing sofie useful information tdv 
others. -Because the children's commitment to finding a i 
solution to the challenge is one of the keys to successful V 
USMES work; it is* extremely important *that> the challenge be 
introduced qo that it is accepted by the class as an* im- * 
portant probleta to which they are willing to devote a con- 
siderable amount of time. • 

The challenge not only motivates tlje children by stating 
the problem but also provides them with a criterion for 
judging their results/ f This criterion-— if it works, it's 4 
right (or if it helps us find an answer to our problem, it's 



a good thing to, do) — gives the children's ideas and results 
a meaning within the context of their goal. Many, teachers 
have found this concept tx) be a valuable strategy that not 
only,, allows the teacher to respond positively to all of the 
children's ideas but also helps the children themselves to 
judge the value of their efforts. 

With all of the above in mind, it can be said that- the 
teacher's responsibility in the USMES strategy for open 
classroom 'activities is as follows:- I 

* 

,1. Introduce the challenge in a meaningful way 
t^hat not only allows the children to relate 
it, to their particular situation but also 
opens up various avenues of apptoach. 

2. Act as a coordinator and collaborator. Assist, 
not direct, individuals or groups of students, 
■ae^they investigate different aspects of >the 
problem. 

3» ^ Hold USMES sessions $X least two or three times 
a week so that the children have a chance to be- 
come involved in the challenge and carry out 
comprehensive investigations. 

* 

4. Provide the tools and supplies necessary for 
initial hands-on. work in the classroom or make 

' arrangements for the children to woVks in the_ 
Design Lab. 

5. Be patient fn letting* the qfcildren make their 
x , own Mistakes a^ find their own way. Offet 

assistance or. point out sources of help for 
9 t specific information (such as th0 "How To 1 ! 
. t . Cards) only wherj the children become frustrated 
in their approach to the problem. Conduct 
skill sessions as necessary. 
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6* .Provide frequent opportunities for group reports 
and student exchanges of ideas in class dis- * 
' cussions. In most cases, students will, by 
their own/critical examination of the procedures 
they hav.e^sed, improve or s.et new directions 
•in their investigations. 
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7. If necessary^, ask appropriate questions to stim- 
ulate the students 1 thinking so that they will 

% make more extensive and comprehensive investiga- 
tions or analyses of their data. 

8. Make sure that a sufficient number of students 
(usually ten to twelve) are working on the 
challenge^ so that activities do not become 
fragmented or stall. 1 

Student success in USMES unit activities is indicated by 
the progress they make in finding some solution to the 
challenge, not by following a particular line of investiga- 
tion nor by obtaining specified results. The teacher r s " 
role in the USMES strategy is to provide a* classroom at- 
mosphere in which all students can, in their own way, 
search out some solution to the challenge. 

+ 

Today many leading educators feel that real problem 
solving (under different -names) is an important skill to 
be learned. In this mode of learning particular emphasis 
is placed cm developing skills to^deal with real problems" 
rather than the skills needed to obtain "correct" answets 
to contrived problems. Because of this "and becaus* of the 
interdisciplinary nature of both the problems and the re- 
sultant investigations, USMES is ideal for, use as an impor- 
tant part pf the elementary school program. Much of the 
time normally spenj: in the class on the traditional ap- 
proaches to math, srcience, social science,' and- language * 
arts skills can be safely assigned to USM^g activities. In 
fact, as much as one-fourth to one-third of the total school 
program might be allotted to wo^R on USMES challenges. 
Teachers who have worked with USMES for, several years have 
each succeeding year successfully assigned to USMES activ- 
ities tKe learning of a greater number, of traditional 
skills. In addition, reports have indicated that students 
retain for a long time the skills and concept^ learned and 
practiced during USMES activities. Therefore,, the time 
normally spent in reinforcing required skills can be greatly 
reduced if these skills are learned and practiced in the 
context of real problem solving. 

Because real problem-solving activities cannot possibly 
coyer all the ^skills and cpncef>ts in the major subject 
areas, other curricula as well as other learning modes 
(such as "lecture method," "individual study topics," or 
programmed instruction) need to be used in conjunction with 
USMES in art optimal education program. However, the other 



• instruction will be enhance4 b ? the ski H s > motivation, and 
understanding provided by real problem solving, and, in 
some cases, work on an USMES challenge provides the contekt 
within which the skills and concepts of . the major subject 
areas find application. 

In order for real problem solving taught by 'USMES to have 
an optimal value in the school program, class time should be 
apportioned with reason and forethought, and the sequence 
of challenges investigated by students during their years in 
elementary school should involve them in a variety of skills 
and processes, Because all activities are initiated by stu- 
dents in response to the challenge, it is impossible /£o 
state unequivocally which activities will take place^ How- 
ever, it is possible to use the documentation of activities 
that have taken 'place* in USMES trial classes to schedtile in- 
struction on the specific skills and processes required by 
the school system. Teachers can' postpone 'the traditional 
way of teaching the skills that might come up An vjork on an 
USMES challenge until later in the year. At that time stu- 
dents v can learn the required skills in the usual' way if they 
have not already learned th^m during th6ir USMES actjlvitiis. 

These basic skills, processes, and areas of study are 
listed in charts and. lists contained in each Teacher Resource 
Book. A teacher can' use these charts to decide on an over- 
all allocation of class time between USMES and traditional 
learning in the major subject disciplines. Examples of in-, 
dividual skills, and processes are also given So tfiat th€ 
teacher can see beforehand .which skills a student may en- 
counter during the coujrse of his investigations. These 
charts ai)d lists may be found in section *E. * 



As the foregoing indicates, USMES differs significantly 
from other curricula. Real problem solving develops the 
problem-solving ability of students and does it in a way 
(learning-by-doing) that leads to a full understanding of 
the 1 process. Because of the following differences, some 
teacher preparation is necessary. Some teachers may have 
been introduced by other projects to several of the follow- 
ing new developments in education, but few teachers have 
integrated all of them into the new style of teaching and 
learning £hat real problem Solving involves. 

1* New Area of Learning— Real problem solving is a. 

new area of learning, not just a new approach or If 
a new content within. an already-defined subject 
area. Although many subject-matter (curricula 



include something called problem solving, much of 
this problem solving involves contrived problems 
or fragments 4 of a whole situation and does not 
require the cognitive skills needed for the in- 
vestigation of real and practical problems. 
Learning the cognitive strategy required for real 
problem solving is different ftiom other kinds 
of learning. 

Interdisciplinary Education— Real problem solv- 
ing integrates the disciplines in a natural way; 
there is no need to impose -a multi-disciplinary 
.structure. Solving real and practical jwroblems . 
requires the application of skills, concepts, 
and processes 'from many disciplines. The number 
arid range of disciplines are unrestricteckand 
the importance of eacK is demonstrated in work- 
ing toward the solution of practical problems. 

Studeat Planning — To learn the process of prob- 
lem solving, the students themselves, not the 
teacher, must analyze tke problem,' choose the x 
variables that should be 'investigated, search , 
out; the facts, and Judge the correctness of the 
hypotheses and conclusions. Ii^ real problem- 
solving activities the teacher acts as a 
coordinator and collaborator, not as an . 
authoritative source of answers f 

Learning^by-Doing~ Learning-hv-rfMng T nr discov- 
ery learning. as it is so^times called, comes 
about naturally in real problem Solving since 
the problems tackled by each class have unique 
aspects; for example, different lunchrooms or 
pedestrian crossings have different problems 
associated with tliem and, consequently, unique 
solutions. The challenge, as defined in each 
situation, provides the focus for the children's 
hands-on learning experiences/ such as collecting 
real data; Constructing measuring instruments, 
scale models, test equipment, etc.; trying their 
suggested improvements; and (in some units) pre- 
paring reports ajid presentations of their findings 
for the proper authorities. 

Learning 'Skills and Concepts as Needed— Skills 
and concepts are learned in redl problem solving 



as the need for them arises in the context 
of the work being done, rather than having a 
situation imposed*by the teacher or the" text- 
book being used. Teachers may direct this 
learning when the need for it arises*,* or stu^ 
dents may search out information themselves 
from resources provided. 

Sroup Work~ Progress toward a solution to a- 
real problem usually requires the efe§prts of 
groups of .students, ppt just individual stujt 
dents forking alone. Although} some work 'may 
be done .individually, the total^ group effort 
provides good opportunities for division of 
labor and exchange of ideas among the groups 
and individuals. The grouping is flexfble 
■and changes in order to meet the needs of' the 
different stages of investigation* 

Student Choice— RealSrftblem solving offtfcs 
classes the opportunity to work on, problems , 

1 that are' real to them, not just to * the -adults 
whp prepare the curriculum. In addfeion^ 
students may choose to investigate particular 
aspects of the problem according to their , 
interest. The variety of activities ensuing 
from th£s ^challenge allows each student to 
make some contribution towards the solution of 
the problem according' to his or her ability and 

) to learn specific skills at a time when he or 
she id ready far that particular intellectual 
structure. 
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B. General Papers on Ways to Learn/Teach 

,1.* OVERVIEW OF ACTIVITIES 

GhsJLlmge.: , j 



Find the best way to learn or . to teach 
someone else certain things. 

Possible Class Challenges: 

Find the best way to learn our .weekly 
spelling words. 

-Find the best way to learn geometry. 

Find the best way to teach another 
class about the metric system. 



r 
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x^ am i ng _:te-wh a t-^ 

usually eager to voice their opinions on the best ways to 
learn. Such a discussion may arise naturally* as a class 
begins* to study a new topic— a weekly spelling'list, the 
metric system, the weather. A list of learning methods may 
be compiled" by the class, and two or three selected fbr 
chosen investigation. When the teacher asks how they will 
determine whiqh of the methods is most effective for learn- 
ing the new topic, the students may see the need for pre- 
. tests and postjtests to use in evaluating their progress. 

Students usually form several groups, each using one par- 
ticular technique—games, audiovisuals, reading and research, 
practical application/memorization, etc. Individual abili- 
ties vary, 3^ some children may b,e concerned that . one group 
will have mosCs^f the fast learners, and thus an unfair ad- 
vantage. To bal^nqe group memberships, the children may use 
results of the prete&t given to the entire class or grades 
from the previous reporting period. 

Each group then spends several sessions using 'their des- 
ignated method to learn the *newj topic . Lafter the posttest 
is taken and the data assembled. Group differences frota pre- 
test to posttest may be calculated as total number of points 
gained (or lost) or total percentage gained; the gain in 
average group scores may also be determined* .By depicting 
the data graphically, the class can more easily compare the 
progress of the groups and thus assess the effectiveness of 
the different methods. In older classes a statistical test 
may be used to determine whether there is a significant 
difference' in results. 

In discussing their experiment, the children may point 
out that retention is also an effective indicator of the 
effectiveness of learning. A third test on the topic may be 
scheduled for a date several weeks or >one or two months 
later. 

Some classes may be interested in finding out which 
method is most effective for each student. By exchanging 
methods, the groups can repeat the investigation €6 learn a 
n6w list of spelling words or another math topic. Data from 
both studies may then be used to make comparisons for indi- 
viduals. Ihe additional information gathered would also 
help in evaluating the overall effectiveness .of each method 
since it would have been tried by several groups. 

**3 * 
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J Children may also decide to find out whether their ft best t! 

learning method would be best for another subject. Class 
discussion may naturally turn to the relationship between 
the purpose for learning a topic and the methods used to 
learn it. | 

Some classes may focus on the teaching aspect of the unit. 
Their challenge may be a continuation of their own investi- 
gations of learning methods, or it may arise after a class 
has studied a new topic they feel their schoolmates would 
like to learn. The children use materials which they have 
developed for the different methods and then usually work 
in groups to te^ch another class. Pretest and jposttest re- 
* suits are compared and analyzed to find the most effective 

method. , ■ * 

Although many -of these activities may require skills and 
— " "concepts new to the children, there is no need for prelim- 

inary work on these skills and concepts because the children 
can learn .them when the need arises. In fact, children 
learn more quickly and easily when they see a need to learn. 
Consider counting: whereas children usually learn to count; 
by rote, they can, through USMES, gain a better understand- 
ing of counting by learning or practicing it within real 
contexts. In working on Ways to Learn/Teach, children also 
learn and practice graphing, working with decimals, and , 
y dividing. Although dividing seems necessary to compare 

fractions or ratios, primary children can make comparisons 
¥ # graphically; sets of data can also be compared graphically 

or by subtracting medians (half-way values). Division may 
be introduced during calculation of percentages or averages'. 

' ' j ■ 



CLASSROOM STRATEGY FOR WAYS TO 
LEARN/TEACH 
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Ways to Learn/Teach is- centered on a challenge— a state- 
ment that says, "Solve this problem". Its success or -fail- 
-ure in a classroom depends largely on (1) the relevance of 
the problem for the students and (2) the process by w^ich 
they define and accept the challenge. If the children see 
the problem as a real one, they will be committed to find-/ 
in g £ J»gj"tignj, they wJ.ll have, a focus and purpose for their 
activities. If the students do not think the problem 
affects them, their attempts at finding solutions, will 
likely bfe disjointed and cursory, * 

The Ways to Learn/Teach challenge— "Find the best way to 
leatn of to teach someone else certain things" — is general 
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enough to apply to many situations. Students in different 
classes define and reword the ^challenge and thus arrive kt a 
specific class challenge. For example, "Find the best way 
to learn our weekly spelling words 11 migjit be th£ challenge 
in one class, while a class that has just completed a unit 
on the metric system might have the challenge, "Find the 
best way to teach the class next door about the metric sys- 
tem. 11 / 

» . .. 

Given that a problem exists, how can a teacher, without 
being directive, help Jthe students identify the challenge 
that they will work on as a group? There is no set method 
because of variations among teachers, classes, and schools 
and among the USMES units themselves. However, USMES teach- 
ers have found that certain general* techniques in introduc- 
ing^ the challenge are helpful. 

~~ ? 0n§ such: technique is to turn a discussion of some recent- 
event toward a Ways to Learn/Teach challenge. For example, 
student complaints 1 pf boredom with the regular class routine 
could lead to a discussion of ways the children like to 
learn and r which way they think is best. The challenge may 
also arise naturally whenever the class- begins or concludes 
the study of a topic in any of the subject areas. 

An eighth-grade math class began their investiga- 
tions of the Ways to Learn/Teach challenge when they 
were asked to, determine the best way to learn their 
next math topic — percentage. Many^ suggestions were 
offered by the children, and after extensive discus- 
sion they decide to work in small* groups to investi- 
gate the effectiveness of four learning methods: 
learning centers, games, tapes and films, and busi- 
ness application. 

A Ways to Learn/Teach challenge may be an outgrowth of 
the children's work on, another USMES unit. For" example, a 
class investigating a Classroom Design challenge may think 
that the physical environment of the classroom has a direct 
effect oh learning, and theni decide to conduct; an experiment 
using different physical environments. 

Wfoeji children working on another USMES challenge encoun- 
ter a • problem that leads to a Ways to Learn/Teach challenge, 
one group of children may begin work on this second chal- 
lenge while another, continues on the, first.. However, there 



In another intermediate class a very broad topic 
was chosen by majority vote, but no discussions 
were held regarding which particular aspects would 
be learned. After the students had begun working 
in groups using different learning methods, it soon 
became apparent that the groups were learning dif- 
ferent things with little common ground. * when one 
student mentioned this problem after the posttest 
was, taken, everyone realized that the results would 
, be biased toward tjibse groups who happened to learn 
items appearing on the test. The students felt dis-» 
cguraged with their experiment and coulittsee little 
va^ue in interpreting data. \, 



Progress on the Ways to Learn/Teach challenge may also be 
hindered if the teacher^ rather than ensuring that the chil- 
dren have agreed upon a challenge, merely assigns a series 
of activities Although ^tfie teacher may see how these activ- 
ities relate to an overall goal/ the children may not- 

An intermediate, level teacher instructed his stu- 
dents to find the best way to learn a topic he had 

# selected. By the second day of work student inter- 

* est was already low. Several sessions were spent 
in Random activities, but the teacher realized by 
the fifthly that the students lacked motivation. 
He called the groups together to discuss the prob- 
lem and the class voted to discontinue work on the 
challenge. w, , 



Once a class has decided to work on a Ways to Learn/Teach 
challenge, USMfcS sessions should be held several tim^s a 
■week, but they need not be rigidly scheduled. When sessions 
are held after long intervals, students often have diffi- 
culty remembering exactly where they were ixi their investi- 
gations, and momemtum diminishes. 

During the initial session, after deciding on a topic' to 
learn or to teach, children often list various learning 
methods, and the list may bfe long. By combining similar : 
methods, they can choose tjwo or three to work on first, "if 
the students try to experiment with too many -methods at 
once, their investigations will be superficial. 
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should be at least ten or twelve students working on any one 
challenge; otherwise the children's work may be fragmented ' 
or superficial or may break down completely. 

Sometimes the discussion of a broad problem may encompass 
the challenges of several related units. For example, a 
discussion of problems at school could lead to Eating in 
School, Classroom Management, Classroom Design, School Rules, 
or Ways to Learn/Teach, depending on which problems the* chil- 
dren identify. 

An experienced USMES teacher is usually willing to have 
the children work on any one of the several challenges that 
may arise during the discussion of a broad problem* While 
this approach gives the children the opportuhity to select 
the challenge they are most interested in investigating, it 
does place on the teacher the additional responsibility of 
being prepared to act as a resource person for whichever 
tshailenge is chosen. 

Classroom experience has shown that children's progress 
on a Ways to Learn/Teach challenge may be poor if the teacher 
and students do not reach a common understanding of what 
the challenge is before beginning work on it. Having no 
shared focus for their work, the children will lack the mo- 
tivation inherent in Working together to solve a real prob- 
lem. As* a result, they may quickly lose interest. 

,A similar situation occurs when a class investigates 
learning or teaching a very broad topic or tries to learn 
or to teach many topics at a time. 



Preliminary investigations of the Ways to* Learn/ 
Teach challenge were carried out by a sixth-grade 
class in response to the challenge, "Find the best 
way to learn something you need want to learn." 
Children worked in small groups or on. an individual 
9 basis to improve such things as drawing, model build- 
ing* dart throwing and speed reading. The breadth 
of €bpics considered at the same time resulted in 
fragmented "activities and superficial investigations. 
Early diagnosis of the problem by the teacher en- 
abled him to help the children narrow the scope of 
their investigations to learning spelling. words* 
The children worked in six groups, using a diffet- 
ent learning method. Later as time and the chil- 
dren's interest directed, other applications were 
explored. As a result of limiting the directions 
ta^en at any given time, more comprehensive inves- 
tigations were taken and the children's involvement 
increased. 



Refocusing on -the Challenge 



< 
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Students usual-ly form groups to try out different learn- 
ing methods. However, ^f too many groups are formed, work 

the challenge can become fragmented. The teacher finds 
it impossible to be aware of the progress and problems of 
each group; in addition, the small number of students in' 
each group lessens the chance for varied input and interac- • 
tion and decreases the possibility that a comparison alnong 
learning methods will be meaningful. 

As children^ work on a Ways to Learn/Teach challenge, 
their attention should, Jrom time to time, be refocused on 
that challenge so that they do not lose sight of their over- 
all goal. Refocusing is particularly important with younger 
^children because they have a shorter attention span.- Teach- 
ers find it helpful to hold periodic class discussions that 
include group report* Such sessions help the students re- 
view what they have accomplished and what they still need to 
do. 



Seventh-grade students began an investigation of 
the Ways to Learn/Teach challenge as they prepared 
to begin a new mathematics topicjh-geometty . Fre- 
quent class discussions about their progress and 
setbacks enabled them to plan an improved course of 
action. Instead of determining the best way to 
learn geometry by trying different methods them-j, 
selves/ they decided to redirect their investiga- 
tions and use different methods to teach geometry 
to Students in another class. 



Resources for Work on the 
Challenge - 



/ 
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When children try to decide on solutions before collect- 
ing and analyzing enough data or encounter difficulties dur- 
ing their investigations, an USMES teacher. helps out. But 
^ instead of giving answers or suggesting specific procedures, 
the teacher asks open-ended questions that stimulate the" 
\ students to think more comprehensively and creatively about 
their work. For example', instead of telling students that 
« they should schedule pretests and posttests to collect data 
for evaluating learning methods, the teacher might ask, 
What kind of information will we need to find out; which is*' 
the most effective method? How will we collect this 'infor- 
mation?" Examples of other nondirective, thought-provoking 
questions are given in section B-6. 
' The teacher may also refer students to the "How To" Cards 
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which provide information about specific skills, such as 
drawing graphs* If many students, or even the entire class, 
need help in particular areas, such as using fractions, the 
teacher should conduct skill sessions ad these needs arise* 
(Background Papers provide teachers with additional informa- 
tion an# on general "topics applicable to the Ways to Learn/ 
Teach challenge ♦) 

USMES teachers can also assist students by making it pos- 
sible for them' to carry out tasks involving hands-on activ- 
ities. If the children^ tasks require them to design and 
construct items r such as Tri-Wall alphabet letters' or a 
learning "machine, 11 the ^teacher should make sure ,that they 
have access to a Design Lab — any collection of tools and" 
materials kept in a i central location (in part of the class- 
room, on a portable cart, or in a separate room) * A more 
detailed description of the Design Lab may be found in the 
USMES Guide. i 

Valuable as it is, a Design Lab is not necessary to begin 
wotk on Ways to Learn/^each. The Design Lab is used only 
when needed, and, depending on the investigations chosen by 
the children, the need may not arise at all. 

» • 

, ♦ 
, In trying to find the best of three methods for 
leatning math, one class of primary students worked 
with materials in their classroom* The dhilftren * 
played math games, completed worksheets, and worked 
with manipulative objects, such &s a number line, 

and had no need for a Design Lab .„ 

, \ **■ 

v 

' > 

- Children in one sixth-grade class became involved » 
in the Ways to Learn/TeacH challenge through dis- 
cussions of ways to learn about .the Metric systep. 
Although the school* did have a fully equipped De- 
sign Lab, the children were able to complete their 
ihvestigations within their own classroom. Pre- 
study testJ were taken,, groups were 'formed, and 
work was completed by the children before the post- 
study test was taken 1 and the data were compiled and 
compared. , » 

Student investigations on Ways to Learn/Teach generally 
continue until the children agree they have an acceptable 
solution to the challenge* Hie class may decide which 



method is .best for short-range learning based on a compari- 
son of the changes between pretests and posttests. They may 
also* check on which way is best by comparing chan'ges between • 
ptetests and retention tests. These comparisons may be made 
by using graphs or simple statistics. (A more rigorous 
statistical test may be used by older students.) If the re- 
sults are inconclusive, the class may conduct a survey to 
find out which way was liked the most by the students. To 
check on individual differences, they might use the same 
methods to learn another topi^ and compare the results of 
both experiments. 



v Having an opportunity to direct their own lear^Lng^or to 
teadh other students is an exciting prospect for primary 
children. They enjoy, the responsibility and freedom of ex- 
perimenting with different learning techniques, and they 
are usually eager to play "teacher 11 ahd\hare their knowl- 
edge with other students. If two classes are simultaneously 
- wording on the Ways to Learh/Teach challenge, each class 
may have a different topic and be teachers for one topic and 
learners for the other one. 

An introduction to a new topld or children's complaints 
of boredom with tte usual classroom routine present an ideal 
time to introduce the challenge. A lively discussion may 
follow the teacher 1 s question, "Can we fipd an interesting 
way to learn this subject that's better than any other way?" * 
As suggestions are made, they may be listed on the board — p 
games, worksheets, manipulative objects, audiovisuals, 
practice, copying, etc* 

To decide on two or three methods A thejr?*will try out, the 
children usually vote. When the list is long, each child 
can have two or three votes. ■# 

The children allow a certain amount of time, perhaps one 
or two weeks,' to study the topi'c in their groups. . If they 
• are preparing materials themselves, they will need addi- 
tional time. Children working on games may develop board 
games or card games, while a practice group might make work- 
sheets or set up activities using manipulative objects such 
as blocks. Members of an audiovisual group may record Cas- 
sette tapes to go with drawings and pictures or they, might 
borrow related films and £ilmstrips from tl\e library. Stu- 
dents in a book group might devise lists directing children. 



to pageg of different books, or they might prepare a booklet 
of information they have mimeographed. 

Because young children have short attention spans, fre- 
quent class ^discussions, held perhaps at the beginning of 
each USMES session, help them stay on track. During these 
discussions oeachers often ask how their work is helping 
them meet the challenge. Group reporting also gives children 
a chance to help each other with problems and allows every- 
one to contribute' to decision making and planning — "Now that 
we've heard from the different groups, what ^should He do 
now?" • * 

Either the teacher or the children may grade the post- 
tests t When the data are collected, a class meeting is held 
to discuss what to do with them. By subtracting pretest 
scores from posttest scores, "the children can find out how 
'much each person gained (or the reverse procedure may be 
used for a decrea§6 in points). They then compare the total 
number of points gained by each group. If the children Wave 
difficulty comparing, the size of numbers ± they can construct 
a bar graph and compare the heights of the bars. 

When groups have different npmbers of members, the chil- 
dren may point out that larger groups will naturally have 
larger total* scores. The teacher can explain how to find 
an average group score and help the children with the di- 
vision. * * 

Comparing group averages can also be done without divid- 
ing. The i children can be shown how to draw a slope diagram, 
plotting the size of each group against the total number of 
points gained (see example in Glossary) . By comparing the 
steepness of the lines, the children can rank the groups ac- 
cording to their average scores; the steeper the line, the 
higher the average scqre. 

NoW experiments may be conducted as often as the children 
wish. Groups may exchange methods or new groups may be 
formed. The children may use a new set of spelling words ; 
new math problems, or another .science topic, or they may try 
their methods with a completely different subject. For the 
final evaluation, a simple survey may be devised to find the 
best-liked method. Data may be directly tallied onto a b^ajp* 
graph simply by stacking blocks pr making tally marks in y 
labeled columns* The children may alsa present their find- 
ings to other teachers and encourage them to use the most 
successful methods with their classes. , 

Primary children,, of course, will not work at the same 
level as older students; however, they* can propose e^peri- 



r, the 

ments, collect and analyze data,^arifl find a satisfactory 
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solution to the problem. Aside from'vthe specific topic 
studied, they also learn and practice, within a real context; 
gkills and concepts in mathematics, language arts, science, 
and social science. While working on Ways to Learn/Teach, 
primary students improve their interpersonal relationships, . 
develop problem-solving abilities, and realize that they can 
have a positive effect on the world in which they live. 



The following flow chart presents some of the student. ' 
activities — discussions, observations, calculations, con- 
structions — that may occur during work on the Ways to Learn/ 
Teach challenge. Because each class will choose its own _ 
approach to the challenge, the sequences of events given 
here represent only a few of the many possible variations. 
Furthermore, no one class is expected to undertake all th§ 
activities listed. 

The flow chart is not a lesson plan and should not be 
used as one. Instead, it illustrates how comprehensive in- 
vestigations evolve from the students' discussion of a Ways 
to Learn/Teach problem. 
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Challenge: Find the best way to learn or to teach someone else certain things. 



Optional 

Preliminary 

Activities: 



Science Topic: Learning 



Possible. 

Student 

Activities: 



Class Discussion: What are different ways to learn/teacho (e.g. , s P 4lling or 
vocabulary words, math or science topic)? What learning methods* hefcre we pre- 
viously used? Is one way more interesting than another? Which methods do you 
think are best? How can we find out? 



Data Collection : Designing and distributing 
questionnaires to find out how classmates feel 
about learning methods, to determine methods 
they use to study and ways they would like to 
try."" 



Data Collection : Pretest x on the 
topic before any studying is done. 



Data Representation : Tallying 



survey results. 



/ 



Data Representation : Preparing ' 
bar graphs, line charts, histograms, 



Class Discussion : Interpretation of graphs. Selection 
of methods to use by consensus, hand vote, or weighted 
voting. How will we investigate the ^different methods™ 
e.g., memorization, games, audiovisuals, practical appli- 
cation? What is a fair way to choose groups? 



Using a random sele^^ion 
procedure to cHoose 
groups. * 



Group work on the various methods. 
Preparing learning materials . 



Making arrangements for teaching 
another class., Deciding how 
'^eachers" and students will form 
groups . Administering >pretest . 



Trial of learning methods. £ 



I — i M/ ' g 

[Data Collection: Taking/administering posttest when group work is completed. | 



Class Discussion : What shall we db with the test data? How can we find 
how much each person improved? How can we compare the progress of different 
groups? How can we compare groups of unequal size? 




J 



Or 



3 



A. 
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Data Representation: Preparing charts, bar graphs, histograms, scatter 
graphs. Calculating gain of each student. Calculating gain and average 
gain of each group. Drawing a slope diagram to compare groups of unequal 
size. Charting results. 



Class Discussion : Evaluation and interpretation of data. 
Which method works best ft>r most students? Is retention 
important? Do you think the same ordering of groups would 
occur if we tried, the methods again? What do you think 
would happen if wd.used the methods for a different sub- 
ject? "Would another class have the same results? 



Forming new groups or having same groups 
exchange methods to- learner similar topic, 
e,g„, a new set of spelling wordsT 



7^ 



\ 



Taking/administering second post- 
test; comparing group ranking on 
first and second posttests. If 
order is the same, checking signif- 
icance of results by collecting 
statistical data on possibility of 
one order occurring two tim^s in 
a row. 



Forming groups to find the 
best way to learn/teach a 
new subject. 



Revising materials used 
to learn within class to 
use to teach another 
cl)ass. 



Repeating group work, data collection atf 
representation. 



Designing/administering attitude survey. 



Taking/administering reten- 
tion test after one or two 
months . 



ft 



Class Discussion: Eval^tag^efeolts oSf different trials? JWhat conclusions *Tan 'you 
w t L Is m there an ? relationship betweeil' .learning and how w4ll a particular met;hod is 
liked? What changes cattle maker lik t£A learning procedures itvour class?' *How can we 
evaluate,any, change in procedures? Who might be interested in your findings? 



Optional s 

Follow-Up 

Activities: 



USMES Unit: 
Classroom Design 



USMES Unit: 
Classroom Management 



Science Topic: 
Learning ^ 



o 
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5, .A COMPOSITE LOG** Sallowing a class .Seasiotf during jrttiefc.^ phyl^^NK^gTO ,* ; % . ;\ 

learning' a new set of spelling wor<$ f ^ •': 
.This hyjpotrhetxcal account of .* .you fchlnfc ve can find new an$" di£f^n£ >ay«;,t;o W, ? t 

' intexroediate-level cla^s des$'rib&& ' spelling words which *ire" better thkn ^e'^f^fea^e' fee^n \ ; .y- y ^ 4 ' f ) 
many of the activities and &i$cus- /using?" The ensuing .discussion BiecoTCC^^^ipated^^ , 
s ions : mentioned in the flow Qpz&s* ' v ,\' the children talk : *#>but determinii>£ the bestiVafJ? .t^'lekfeh' /,:; / 



The,.«cojiiposi,te log show$ pniy/one # sottething/tiew. On.e student .setoar^S that " aTOk # s1tf4Q§f '.ab^; 15^^*^ ^. "'^ ' * 

of the many progressions^ events', r tic$ vtfrk best for him, whi£e another 

that might, develop as a class, in- \ . the' teacher explain it help's' her tg:[l&£tn\ - /, 

vestlgates'tfie'ways,t6 f team/Teach- ' contribute.. ,tiv&ir opini<w^ v ^ 'sZ&i 

.ctiallevge. Documented, , events from er^l Wthod^ to learji Xfci&x PV*%}i&&ffi 

acti&l olaspe&are italxci&ed/and;/'' .. one is #est ♦ 'Ay\ k'/j/^/^y^ 

set apart from the t^ct. / One^Stydeftt: ' ?'jO«i'^ 




-i" showed 



jeentage. (See^i^^yP^ggii Np&i'+) K*, 



r' 

'if''* 



'// h^i f<5iii:tfri^ia4e^s fo£*i&e'Mx&ii -T^^^^S^'^t^-'' :f£f \>£ 
- ^ : shoii get-agquainped ,$faf-and4j^ i^ke^\'^e^i- ."> . 

^th^gs hair* -you 2ear^ ; ^W^r? ^^-'h^tAin^ ^' 
•: : 'j>av& you'jfbund it- hfc^ / : * 

from'£h$ children, fhctfat i^irsj^on^^tingf^ ^y '^V*'- ^ 
.' teacher: Upk&rftfettmr t^^j^ui^l^'lto tsrU^utp 
^fifte irkfc inethdds £&\<iea±xt sj?6^fijri^ord^'^ ftina< 
o t3t if bne wan were bettmt t han" anSthex? ' Th&Ma 




\*<?cepted^ the ctial : lffoge <90rJ4'*telg : ^ 



— ^ 
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During the next session the children review their discus- 
sion of ways they learn, and- the teacher then asks whether 
they can think of some new w^/ys -they 'would like to try with 
their next list of spelling words. Several students have 
ide$s, which the teacher theft lists on the board: 

1. Write each word orice and" spell it aloud. 

2. Write each word three times and spell it 
aloud* 

*3. Test each other orally. 4 
4. Write each word five times and misspelled * 
, words ten times. 

The children are then asked to explain how the ways dif- 
fer. After a lengthy 'discussion they conclude that the four 
ways are all variations of the same method — practice. Tl\e 
teacher asks them to think about ways they have learned 
other things. The children say they think they learned to 
ride bicycles by just doing it. 

After several days of thought the children again discuss 
new ways to learn. U sin g words in sentences they write is % 
brought up as another way to learn spelling words, but. some 
students say that this is also a form of practice. The dis- 
cussion then centers on different ways Xo practice spelling 
words, and the students list the following ways they might 

Memorization — spelling each word silently 
or aloud without writing it. 

Writing down each word several times without ( 
spelling it aloud; writing misspelled words 
several more times. a 
Games — spelling bee. 

Reading the words in sentences and then writ- 
ing each word in, a senteride. • • 

Fourth graders in New York City devised a list of 
their suggested ways to learn reading x To find out 
- what -other-students thought aboutr the metl i ods, theg* 
conducted a survey of the sixth, seventh, and eighth 
graders and^then $dded their new suggestions to the 
list. (Fro$ log by Peggy O'Brien.) 

* 

During an early evaluation of thqir Ways to Learn/ 
Teach activities, children j£h a sixth-grade class 



use: 

1. 

2. 

3. 
4. 



in Boulder, Colorado, realized that all the, methods 
used during their trials were variations of the 
^practice method. In the session that followed, the 
students developed a list of ways to learn other 
than by repeated practice. The list included read- 
ing, observation, trial and error, explanation, ex- 
perience, and games. (Frotn 1974 log by Tom Dumler.) 



The students note that tl^re may be other ways to learn 
the .words, but these are the ways they wish to try. When 
the teacher asks how they will find out which way is best, 
one child suggests splitting up into four groups with each 
group trying a different method v After a short diacussion 
of whether. their grades on ttlis ^ et of spelling be 
counted, the class agrees to form groups. 

The next problem then is how to decide on group member- 
ship.. Some students suggest that the teacher choose the 
groups so that all the "good", students won't be in one group 
.Others want to form groups according to their,, normal seating 
arrangement, but one girl points out that this may not be 
fair because 'friends sit together. "Let's have a lottery 
to choose the' groups," says one of the. boys. Several^ chil- 
dren don't believe that a random selection will result in 
groups that are fair, but they agree to try it. 

The eighth-grade teacher in Athens^ugfest^thaJu 
groups be, formed according to whichever method each 
child wanted 1 to use. Thf^tudents loudly objected; 
they felt the groups would not be equal in ability. 
They discussed using their class grades or the re- 
sults of a pretest to select equal groups' and fi- 
nally asked the teacher to select tfye members for 
each group, suhjectto their approval., (See log by 
Peggy Neal.)* 



In Ocala, Florida, sixth-grade students encountered 

* fXobZ&tt-when they discovered t ha t approximately 7 

two-thirds of the class wanted ,to work in the same 
group. They talked about different grouping methods 
and finally agreed to appoint as captains the Jive 
students with highest class averages, the teacher 
supplied the names and each capt&in selected a learn- 
ing method and members for his/her group. (From log 
by Quinn Wiggins.) 



After considering various ways to make random selections, 
the class decides to fut numbers in a bowl and have each 
child draw out a number which would range from one through 
four and would correspond to one of the ways to learn listed 
on the board* "How many of each number will we need?" 1 asks 
the teacher. The children discuss this for a moment. As 
there are twenty-six students, there will have to be at 
ieast twenty-six slips, they decide. Dividing twenty-six 
by four, they find that seven slips for each number will be ' 
enough because that will provide twenty-eight slips for the 
drawing. Four children volunteer to make the slips for the 
next session. ^ 

The slips are prepared and put into a box. Everyone 
draws, a number and the groups are formed, two with seven 
numbers and two with six. Some object to the group in which 
they have been placed because they want to use a different 
method. The dlass decides that the different groups will 
remain as they are for now but that they will change the 
method they use for the next set of spelling words. 



After a lengthy discussion, seventh graders 'in r 
Athens, Georgia, agreed to draw lots to* determine 
group membership. Twenty-six slips of paper were 
prepared — equal to the number^f students in the 
class — each containing one of the four group names. 
Each student then selected one slip from.a box. ^A 
review of the results indicated that a second round 
was necessary — some students had ignored the draw 
and switched groups. The second round was more suc- 
cessful, and the group assignments were recorded. 
(See log by Ida Campbell.) 

The discussion now centers on how to measure the effects 
of each of the ways to learn. To provide a basis for judg- 
ing the effectiveness of their v different learning procedures 
the children decide to take a pretest before beginning. 
Later, they will take a posttest and compare the results of 

the two tests. : * 

" The teacher then prepares a list of spelling words and 
gives the pretest* . tfhe children correct their papers and , 
record everyone 1 s score on a tally sheet, \which the teacher 
keeps • 



4 r% 

4 vJ 



Eighth-graders in, Athens decided tohich 'learning 
methods they would use to study percentage and then 
todk a pretest ♦ The teacher corrected the tests 
and recorded* the scores for the children to use 
later when they took the*posttest. (See log by 
Peggy NealJ \ 

Children in the seventh-Jjrade Athens class* who 
were investigating the best way to learn geometry, 
by teaching other students, spent six d&ys, includ- 
ing one weekend, preparing materials for their three 
teaching sessions. They administered a test, de- 
signed by their teacher, at the beginning of the 
first teaching* session! and at the end of the third. 
\pbjll.) 



(See log by Ida Campb* 



The teacher of a fourth-grade plass in Chicago, 
Illinois, asked her students ^ow they would know 
that they had learned the spelling words during the 
week of their trial rather than before the experi- 
ment started. Two students simultaneously suggested, 
that the class take^a^test before and after study- 
ing the words. (From log by Kathy C^agany.) * 

The next day the children begin studying the word list in 
their groups ♦ The Memorization Group sits quietly as each 
riember spells the words mentally. Then they gb to the rear 
o\ the "room so that they will not bother the other groups 
and begin spelling each word aloud five times; misspelled 
words are spelled aloud ten times. - 

The Writing Group practices writing each word at least 
five times* Words misspelled on the pretest are written ten 
times. 

Thje Game's Group at first wants to make flash cards with 
the word- on one side and a picture for the word on the other. 
However, one member points out that many vords, such as 
"whafrr" 4on^t~ hav e a » corr esponding ^ictu^e^ The #toup than 
decides to have* a spelling bee and apks the teachet to read 
the words for them. When children .misspell a word, tliey are 
out of the game, but they must stay and listen as the others 
continue. When only one student is left, he or she is de- 
clared the' winner. . • t / 

The Use Group reads a story containing the spelling words. 



The sentences are passed around the group so that each child 
can both read and write several of the sentences containing 
new .words. 

After several days of group work the children take a post« 
test on the spelling words. • They correct the papers, and 
the scores are recorded on the tally sheet and compared to' 
the pretest scores to compute the gain for each person. The 
teacher asks whether anyone^knows how to make a picture of 
the results, and one student suggests graphing e*ch person's 
gain. 

"But how are we going to tell which group .did best?" one 
child asks. "There are more people in some groups than in 
others." A classmate suggests finding the average gain for 
■each group and graphing that. The class agrees that thi&u 
would be another, and perh^pfc better, way to representee 
data. Because they are not quite sure how to calculate an 
average, theydivide the USMES "How To" Cards. Several stu- 
dents who caffdivide go to the board, calculate the average 
gains', and draw a bar graph of^he results. 



Fourth graders in Iowa City used three learning 
methods to teach Spelling words to third graders. 
Pretest and posttest scores were calculated by each 
group land then giins were displayed on charts and 
presented- to the entire class. Whefy the teacher 
- asked how all the data from the three groups could 
be shown on one chart for easier comparison, sev- 
eral students used the overhead projector to -ex- 
~ plain their ideas. One chatt was selected and then 
drawn on thejboard so that each student could make 
a copy. The teacher held a skill session on graph- 
ing, and the children transferred .their data to 'line 
charts and bar graphs. (See log by Florence Duncan..) 

• r 

Each group of the sixth graders in Boulder made a 
gr*§h of their team's scores on the pretest. s Var- 
ious colors or dotted lines^were u$ed*to^differen- 
tiate -each person 1 ^ score-* — Gne-^tudent-cdkmon ted 
that it would be easier to determine the best im- 
provement if all the information were represented 
on one graph, but a classmate objected, noting ' 
that .such a graph would .be~exttemely confusing and 
.difficult to read. Another student suggested that 
the average spore for each team be calculated and 



graphed. This iaea was accepted by 'the class and 
each team average was entered on the class graph* 
(From 1974 log by Tom Dumler.) 



Other children ask whether there might be another way to 
compare the groups without dividing to find the averages. 
The teacher explains that they can draw a slope diagram* 
The number of g?oup members is plotted alonfe the horizontal 
axis and the total points gained by the group along the ver- 
tical axis. Lines are then drawn from the origin to the 
plotted points. By comparing the steepness of the lines, 
the children can easily rank the group averages; the steeper 
the line, the higher the average. 

With the help of the teacher and the USMES "Hew To" Cards, 
several students try their hand at slope diagrams (see 
Figure B5-1) . They are happy to see that they achieve the 
same ranking as the students who calculated exact averages: 
the Writing Group had tht best" average, followed by Games, 
Memorization, and Use. / / 

At the n£xt session tne class discusses the significance 
of the gain?. Some children think the results show ^that 
some of the ways .they Used to learn the spelling words are 
better than others. Other children are not convinced. ff Why 
couldn't it just happen that way?" one asks. They decide 
to » repeat the entire process with a new list of spelling 
words. 

. After a pretest, a week of study, and a posttest, they 
again calculate and graph the average gain for each group. 
The groups finish in the same order as they had previously. 
By now, everyone is convinced that the results weren't simply 
pure chance. 

To demonstrate this, the teacher puts four different- 
colored marbles in a box and asks a child to draw them out-, 
one at a time, without looking. The brder is recorded, and 
the teacher asks whether it is likely that the' same order 
will be repeated if they try the experiment again. The 
class says, "No," and repeated drawings prove them correct: 
a different order results each time. . 

One child asks, "How many ways are there?" and the teach- 
er suggests listing them on the board. The class works to- 
gether to figure out the different orders in which the 
marbles can be drawn out. First, they list all the ways 
if the red marble is first. Next, they list all the ways 
with the green marble ftrst, then with blue, and finally 
with yellow. When they are finished, they find there are 



twenty-four ways. Thus, they can see that the chances of 
the same order occurring twice are not very great. (Actu- 
ally, the phance is 1/24 x 1/24 « V576.) 

The reason for learning to spell 'new words is the topic 
of the next discussion. The children agree that it is im- 
portant to know how to spell words so that they can write 
any tiling they want; therefore, remembering how to spell the 
words i«s important. To see whether any of their learning 
methods produces a better memory of the new words, the class 
decides that in a few weeks they will take retention tests 
on the first two groups of words they studied. Then they 
will see whether there is any reordering of the groups which 
would show that One method is best in terms of remembering 
how to spell. s < 

Two months after completion of the Ways to' Learn/ 
Teach challenge, the eighth graders in Athens dis- 
cussed thepr study of per cent. The class was asked 
how they thought they would do on a retest — whether 
the results for the four groups would be the same 
as on the posttest. The students thought the idea 
was interesting and agreed to take a test, similar 
to the posttest, to measure their retention of what 
they had learned about percentage. (See log: by 
Peggy Neal.) ^ \ 



Some students say that while they would like to continue 
with the spelling experiment, they would also like to try 
out different ways to learn math, specifically multiplica- 
tion* The rest of" the class And the teacher agree that now* 
- is a good/time for the investigation. As suggestions are 
made for/possible ways to learn multiplication/ a student 
recorder makes a list on the board. Each item is discussed> 
and by, consensus, the list is narrowed to the following five 
techniques : 

/ 



1. studying tfre math book ancTpracticing example^ 



/ 2. games 

/ 3. audiovisual aidfl^ (prepared by the class) 

4. teacher explanation as usual 

* 5« practical application 



Eighth graders in Athens suggested six ways to . 
learn about percentage. Group discussions led to 
the selection of the following four methods: 

2. playing games 

2. using learning centers 

3. using tapes and films 

4. • business (practical application) 

(See log by Peggy Neal.) 

fter investigating different: w&ys to learn geometry, 
'seventh-grade students in the Athens class decided 
to apply the same methods to learn their next math 
topic— fractions . Two other mathematics classes 
acted as control groups and learned the material 
using a traditional approach—textbooks and instruc- 
tion by the teacher . A pretest and a posttest were 
given to all three classes, and the results were 
used to compare the different learning approaches. 
(See \og by Ida Campbell.) 

Because their random selection of spelling groups had 
worked well, the children want to hold another drawing, this 
time with numbers from. one through five. They also decide 
to use the chance selection to. assign the methods to the 
groups. Numbers from one through/ five are placed in the 
box, and one child from each grom> draws a number which de- 
termines the method that group will use. 

Puring the next session the teacher administers the pre- 
test. The children correct their papers and reford the 
scores. 

The. Games Group decider to try a*game modeled after "Con- 
centration. 1 * Cards are placed face down and the children" 
take turns uncovering two cards at a time. Each time a 
child matched a pair, he/she gets a free turn. The person 
with the mosp pai^rs at the end of the game is the winner. 
(Sample pairjs of * cards are 4x8 and 32, 4x9 and 36, 
Jx8 and 40, etc.) 

The Tapes and Filmstrips Group first watch alfilmstrip 
on multiplication and discuss the new material. Each member 
of the group then makes up a problem and record^ it, along 
with an explanation of how to Bolve it, on a cfaesette tape. 
Afterwards, the entire group listens to the ta£e and works 
out each problem. 



_ Iv the sixth-grade class in Athens, the Tape and 
Film Group spent vn& session. usiji£_ a cassette re- 
corder and worksheet to learn abput percentage. 
The concepts ,wer$ l explained slowly on the tape, and 
time was allowed* for the children to complete the 
problems on an accompanying worksheet. In another 
session the group used a tape prepared by students 
in another math class. The tape instructed those G 
listening to study a poster containing percentage 
equivalents in fractions and decimals. Examples of 
ways that eqi^ivalents would shorten the calculation 
time for percentages were explained, and answers to 
assigned problem sheets were also recbrded. (See 
log by Peggy Neal.) 

The Practical Applications Group works with a catalog 
to place orders for multiple purchases of several items. 
They calculate the total for each item and then find the 
total cost of their orde^:. Next, they use the p*ice list 
from a nearby McDonald f s and find the cost of multiple 
orders for hamburgers, cheeseburgers, french fries, etc. 

In the sixth-grade class in Boulder, the Practical 
Application Group learned th£jnetric system through 
the direct use of meter sticks. They measured 
items around the classroom including the chalkboard, 
flag, exit sign, room, themselves, and tfie teacher's 
desk. To avoid conflicting with another group's ^ 
method, this group was asked not to use any books. 
(See log by Tom Dumlep.) < 

When all the 'groups have had sufficient time to complete 
their work, the teacher administers a posttest. The chil- 
dren correct their papers, record their scores, and calcu- 
late the average gain for each group. Bar graphs are drawn 
to depict the data, and the children discuss the results 
for the different methods. 

At the next session the teacher gives a new multiplica- 
- tion .pretest* The children agai r n gYade .their paper* and 
note ttiat this test has fewer problems than the fir6t one. 
The gtoups then begin studying ttye new problems using their 
designated 'methods. 

At the end of the week the retention tests on spelling 




are given. When the papers are corrected and the scores re- 
corded, the students find that wfiile the Writing and Games 
Groups stayed the same, the Memorization and Usage Groups 
changed places. Fbssible reasons for the change are dis- 
cussed, Including the idea that perhaps one group didn't try 
as hard. They conclude that the first two methods are good 
ways to learn spelling words because these two groups were 
the top two each time. 

.The groups complete their work on the new multiplication „ 
problems and take the posttest. The students correct *their 
papers, record the scores, compute the average gain for each 
group, and make a bar graptfbf the results. They immediately 
notice that the order of the groups has not changed.. They 
conclude that the group which had the largest gain each time 
probably has found & better way for them, to learn multipli- 
cation. * 

During the discussion of their results, the children 
raise the question of what to do next. They decide they 
want to continue their work on math and spelling, but with 
each feroup using another method. They feel that in this 
way each person can find out which method meets his/her own 
needs,, Several students then suggest that they also experi- 
ment with primary children to find cjut which methods work 
Aest for them and whether there are differences in the best 
way to learn because of age level. 

* 

In a first-grade class composed of boys designated 
as* slow learners, the teacher introduced a chal- 
lenge to find the best way to learn math facts. 
From their list of possible approaches, ttie children 
chose three methods: Worksheets, games, and manipu- 
lative objects. A £ive-minute pretest was given by 
\the teacher, and the boys spent K about a we^k working 
with whichever of the t&ree methods they prepared. 
After a posttest, the teacher helped plot tihe gain& 
on a number line. The investigation was repeated 
several times during the following weeks. Each time 
the boy£ were allowed to select any of the three 
methods. In final comparison, the qhildren con- 
cluded that each peXison learned best . when he used a 
method he really enjoyed. (From 1976 lpg by Anita 
Sabol.) 

0 

*■ * 
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In the Boulder class the students decided they 
didn't want to learh Another group of spelling 
words. Instead, they decided to try to usp their 
methods to teach some of their schoolmates* This 
led to a* discussion of their most successful method 
axtd why it was so .successful ^ (From 1974 log by 
Tom Dumler.) 
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The seventh-grade Athens class changed the focus 
of their investigations of the best wpy to l$arn^ v 
geometry from learning it by themselves to teach^ 
ing it to others. The Students asked the 'teacher 
to help them learn the topic by instructing them, 
as hsual. Afterwards they returned to their groups 
and used their assigned methods to teach othei stu- 
dents about geontetry. (See log*by Ida Campbell. 



Children in the fourtfy-grade class in Iowa % City , t 
wanted to work with other children to determine 
the best way to learn spelling words. A third- 
*grade teacher agreed to their reguest and sched- 
uled a time for them to meet with her students. 
The^class decided that each fotpth-grader would • 
give a pretest and prepare materials for two / 
third-gra&e studehts. (see log by Florence 
Duncan*) 



.6. QUESTIONS TO STIMULATE FURTHER 
7";^ INVESTIGATION AND ANALYSIS # 



A 




• Can we find a more interesting way to learn 



? 



• Do people learn/teach things the same way? "** 

• What way do you use to learn or teach someone » something? 

• Does it matter which way you use to learn/teaph southing? 

• Is one way to learn better than another way? Hon can, we 
fincf out? * • >- 

t « r 

• What, information do you need to collect? How can you get 

it? ' - ' ' 
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• How will we decide. which learning methods to investigate? 

• How c§n we find out what other children think about the 
ways they learn? 

• How can you best organize yourselves to collect the data 
you need?| 

. t ' 

• How can we make a random selection of people for each f 
group?-" . » i 

• What is a good way to' keep a record of your data? 

• How can you make a picture of /our data? 

• What does the data t.ell you?/ 

• H<*L>can we test how much you remember?- 

•<,How can we find out if different ways are better for dif- 
ferent people? 

• How can we compare the results of the different tfests if 
the total numbers of items on each test is different? 
Which test items show practical application more than the 
others? 

• How can we compare group scores if the groups have differ- 
ent nutobers of members? \ 

4 

• How can we tell whether the results of the groups shot* a 
significant difference or whether it was a clatter 'of * L 
chance? . • 

• What does the range of your data tell you? ► 

• How could you find, out if your method works best to learn/, 
teach something else? 



• How can we find out which is the most popular methcxt? Is 
^ there any correlation between popularity : and effectiveness 
. of the methods? 4 " * 

• What conclusions can you make abduct your investigations? 
Who might be interested in your findings? 




C. Documentation 



1. LOG' ON WAYS TO LEARN /TEACH 

i 

by Anita Sabol* 
Vista View School, Grades 2-5 
Burnsville, Minnesota 
(April-May 1975) 



ABSTRACT 

Two science classes, containing students ranging in age 
from seven to ten years, worked cooperatively on the Ways to 
Learn/Teach challenge to find the best way to learn their 
next two areas of study— animals and inventors /inventions + - 
Both classes used the same two methods—learning packets and 
research materials . Class A prepared lessons on animals for 
class B to use while class B prepared lessons on inventors/ 
inventions for class A. During their two-month investiga-*' 
tion, each class spent three forty- five-minute sessions per 
week developing and using learning materials, devising a 
pretest and a posttest, and finally compiling* graphing, 
and analyzing data. 



During the last quarter of- the semester, I asked students 
in two of my science classes whether they would like to find 
out the best way to learn our next two topics of study: (1) 
inventors and their invention* and (2) animals. When both 
classes responded enthusiastically, I proposed that 'each 
class devise lessons on one topic which would be used by the 
opposite class to learn the materia!. Thus, class A ptepared 
lessons on animals for class B, and class B prepared lessons 
on inventors'/inventions for class A. 

We began our next USMES session with the children com- - 
piling the following list of ways they ordinarily used to . - 
learn something new: 



1. 


observing 


6. 


writing 


2-. 


pictures and drawings 


7. 


research 


3. 


TV 


6. 


copying. 


4. 


experimenting 


"9. 


asking questions 


.5. 


survey 


10. 


listening to teachers. 



Several children also prepared a short survey to determine 
which of these learning methods some of their schoolmates 



♦Edited by USMES staff 
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thought were best* The results sHowed that reading and re- 
search were the popular choices* 

Planning the experiments involved much discussion. Stu- 
dents in class B had difficulty planning how to determine 
which group learned more* Their initial suggestions in- 
cluded — ' j 

Ik give a test 

2» have a, survey 

3. write reports 

4. see how. hard they tried 

They decided, as did class A, that a pretest and a posttest 
would provide the most effective measure. One student noted 
that written tests make some children tense <and thus are not 
an accurate measure of their knowledge* He suggested giving 
an Oral test, and. the class agreed that it could be done if , ' 
some students requested it* Class B also discussed the 
•values of learning in small groups versus large groups but 
they postponed any decision on grouping until the materials 
were .prepared. 

One issue concerned the form the pretest and -the posttest 
should take. At first most students felt that a separate 
test # should be given for each different tflpic within the sub- 
ject area, for example, the c§t family, inventions in the 
field of comtounications . One student suggested developing 
individual packets to use in evaluating progress, but some 
classmates objected; correcting and judging each child/s 
vorfc would be" too difficult, they thought* After further 
deliberation the consensus was to use the same pretest and 
posttest for Everyone in a class. • \ 

x Children in "class A had additional concerns over jthe 
amount of time plotted for learning the materials because 
several bf; them had to leave class for band. This problem 
was resolved by. allowing those students to use equivalent 
amounts of , their . £ree time, to make up the work. f . 

* Both classes- spent the next several sessions in the 
media center locating materials in an attempt to narrow 
the scope of their subjects. One Qhilg preparing materials 
on invexitors/inventions complained, "Almost everything is 
an invention! 11 « 

raet with each gtoup at different times dnring these 
sessions to talk, about their progx^ss and thei$ problems and 
to help them focus on their tasks. The children individually 
composed test questions on the two subjects and generally 
limited the scope to one or two particular animals or inven- 
tors/inventions.* _ * « 
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Each class then compiled their questions on' a master list, 
discussed each one, and selected the best ones to include 
on the tests. They established the following criteria for 
evaluating the questions: 

1. Questions should be interesting. 

2. Questions should be based on information 
most people wouldn*t know. ' 

3. Questions should be on information they, 
themselves, would like to know. 

4. People should be able. to find answers to 
the questions. 

.One full session was spent debating the pros and cons of 
different group formations. At first it ^nvolyed only class 
A but quickly spread to class B as well. Students in class 
A had initially decided to group class B students according 
to their pretest scores, but this decision did not please 
everyone. Some students were adamant' that easier work should 
be given to younger class members. Others suggested having 
students in class B choose partners to teach x but this idea 
was rejected for fear that copying would result. Still an- 
other opinion Was to choose group leaders in class B who 
could encourage their group members to work and then report 
on the progress of each group. This, too, was refused when 
one child pointed out that group leaders would have less 
time to do their own work. 

Decisions on «group formation andju&^HSds of teaching/ 
( learning were made at the following sess^p. Children in 
class A finally agreed tb select group members randomly. 
After examining their pretest questions, they chose ta make 
the following types of learning materials for the other' 
class to use: (1) reference materials, (2) learning packets, 
(3) tapes, and (4) books.' Children in class B decided on 
two methods for class A to use— [(1) learning packets, and* 
- (2) reference materials. Their' groups were chosen by draw- 
ing names from a box and allowing e$ich child to choose a 
group . 

Both classes extended the number of days for preparing^ 
materials from four to six and shortened the time for teach- 
ing the other class. During the preparation sessions many v 
teaching groups "had difficulty organizing themselvfes, but 
all managed to get their work done. ;One girl spent five 
hours looking up the answers to her class 1 s pretest and pre- 
paring directions for the other class to use. 

In class. A the group working on the book method had trou- 
, ble locating answers tb their questions because many of their 
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Combination Pretest end Posttcat on Anlmala 

HND THE BEST ANSWER. UNDERLINE IT , 

X* Whet it the most famous, member of the cat family? 
(lion, tiger, bobcat) 

2. How long before kittens open up their eyes? f 
(about 2 days, about 10 days, about one week) 

3. How large can dogs grow? (6 feet, 10 feet, 4 

4. How large can house mice grow? (2*s-3*s inches, 
5-6 inches, 1^ inches) 

5. How many oonkeya uaually travel together in a 
group? (25-30, 200-300, 400-200) 

6. Why do people cover bird cagea at night? (it'a 
more comfortable, birda like it, so birds won't 
make noiae) 

7. Three dangeroua snakes in the United States are: 
(boa constrictor, king python, cobra) (coral/ » 
rattlesnake, bull) (water noccasin, copperhead, 
diamond back) 

8. What is a reptile? (warm blooded animal, cold 
blooded animal, *a?waya a Hay) # 

9. How long can horaes live? (10 years, 1* years, 
17 yeara) * 

10. What is the moat common pet snake in the United 
$tatea7 (bull anake, garter anake, rattleaneke 
without rattles) 

11. How much do moat horses weigh? (300-1,000, 
1,000-2,000, 2,000-3,000) 

12. Where would you find rabbita homes? (in caves, 
* In buahea and wooda, near atreama) » 

13. How long do cats live? (8-15 yeara, not longer 
than 7 yeara, 20-25 years) 

14. What are 2 living dinoaaurs? (turtle and croco- 
dile, blue whale and elephant, shark and crocodile) 

15. How many kinda of monkeya exiat? (300, 500, two 
main kinds) 

16. Why do cata sit near doorways without ever being 
trained to sit there? (they enjoy that part of 

- the house, to go to the batlrfbom, they like door- 
ways) ^ 

17. What kind of cat doean't have a taiK (Calico, 
Peraian, Manx) * , 

18. What is a DoDo bird? (a bird the size of a 
turkey, a bird the size of a robin, a very mean 
bird) 

20. Why are DoDo bird 'a extinct? (they died of a 
disease, they couldn't find enough food. People 
liked to eat them) 

21. Why do animals grow?' (they want to, in order to 
live and take care of thesis elves, It Is easier to 
do things that way) 



22. 
23. 
24. 
25. 

26. 

27. 

* 

30. 




What la the fastest klnd f of horse? (Palomino, 
Mustang, Arabian) 

What is the longest snake In the world? (boa 
constrictor, bull, anaconda) 

Why do skunks have a smell, (they goet it after 
they were bom, they like It, for protection) 
Why do some animala save shells and others don't, 
(becauae the air hurts them, for special protec- 
tion, because they get sick without shells) 
How do camels live in the desert? (they are born 
in the desert, they prefer the desert, they store 
food and water in their atomach and humpa) 
How many kittens are in a litter? (sround 13, 
usually 5 or 6, uaually 9 or 10) 
A dolphin ia a (fiah, reptile, mammel, insect). 
How longs do monkey's live? (5 yeara, 20 years, 
11 years) 

ANSWER THIS QUESTION 

Give three ways in which snakes are useful, 

1. 

2. 

3. 



Figure cl-1 

This, test 0 has been typed verbatim from the children's copy. 
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Combination Pretest and Ppsttcst on Invent ion» 
UNDERLINE THE BEST ANSWER 



2. 
(3. 



6*. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 

. u < 
' 15. 

16. 

17. 

18. 

19. 

20. 

21. 

22. 

23. 



When vat the fist atoa bomb cade? (1/900-1910, 
1940-1950, 1960-1970) ~ ' 

When wm dynamite invented? (1967, 1500,' 1709) 
Who invented the wireless telegraph? (John Kay, 
Marconi, David Bruce) 

When were escalators invented (1800, 1900, 1950) 
Who invented T.V. and when was it invented? 
(Thomas Edison and Patrick Delany in 1910, John ' 
Wilson and Daniel Cooper in 1847, John Baird and 
Charles Jenkins in 1925) 

Who invented the polaroid camera? (Robert White- 
head, Lee De Forest, Edwin Land) 
Who started antiseptics? (Sir issac Newton^ 
James Gregory, Joseph Lister) 
What did Luther Burbank discover? (new plants, 
sewing machine, spinning wheel) 
When was th% first bike invented? (around U00, 
around 1600, around 1800) 

Who discovered circulation? (William Smith, Robert 
Fulton, William Harvey) 

(Isacc Adams, Bartholomew 



(Fred Hatch, Madam Curie, 
(Louis Waterman, 



Who invented the piano? 
Cristofor, Robert Hoe) 
Who discovered radium? 
Thomas Saint) 

Who invented the fountain pen? 
' Chetles Coodyear, Samuel Miller) 
Who invented the record? (John Street, Samuel 
Morse, Thomas Edison) 

When were rockets first invented? (1673, 1889. 
1232) in China? 

Where was the thermometer invented? (France, - 
America, Italy) 

Who invented dynamite? (Alfred Nobel, J.F. Schultz 
Hiram Maxim) 

Who Invented bifocal glasses? (Thomas Davenport, 
Ben Franklin, Hohn Holland) 
Who discovered vaccine for smallpox? (George 
Swlnrjttt, Max Ha son » Edward Jenner) 
What «Id John Finch invent? (steamship, thermom- 
eter, telescope) 

What did Alexander Graham Bell invent? (clock, 
radio, telephone) 

1776) **** ftC,t P * inting be * un? (600 » UA0 » 
Who siade the firat moviea? (Michael Feradiy, Jean 
La Brie, Thomas Ediwon) 



24. What did Morse invent (a telegraph, a microscope, 

•c a code) 
25. Who invented the telescope? (David Rlttenhouse, 
Henry Ford, Eli Whitney) 
ANSWER TOE FOLLOWING 

26. Why do people Indent? 

27. How afepeople invent? 

28. Give 2 inventions of Edison ' 
2. 



/ 



a*. 



Figure ci-2 

This test has been typed verbatim from the children' s copy. 
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Figure Cl-3 



Who i/tny f"/le. fefescO^e? 



Figure cl-4 
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ideas for questions had originally ^om^^rom the encyclope- 
dia. To ease their problem, they obtained permission from 
the Reference Materials Group to encroach on their territory 
by using a series of animal books set up in the reference 
room* 

Several sessions later students in class A met to examine 
their efforts. Both the Tape Group and Book Group were hav- 
ing considerable difficulty preparing materials. By a ma- 
jority vote the class decided to merge these groups; thus, 
tapes and learning packets became one group and books and 
Xg.f fe£%nciv ma ter ia ls-the~ second group , . 

Children in both classes duplicated their own materials 
and were fascinated by the process. To save paper, I en- 
couraged them to share duplicating masters so they could 
duplicate complete pages. Generally there was an atmosphere 
of support among children in both classes. As one group 
completed work, members joined another group to aid them. 
I was delighted. with the response of the younger children, 
especially fhe second graders who used many reference books, 
including The Guinness Book of World^Records and the Lincoln 
Library. Only a few students in each class did not actively 
participate. ** 

I called the classes together to talk about the tests 
they had prepared. 'Because their questions were open-ended, 
I suggested adding several answers to each question to make 
multiple choice tests/which would make data handling easier 
The children agreed that it would also be easier to choose 
from predetermined information than to come up with the ^ 
answers from their heads. Copies of their combination pre- 
tests and pos tests are shown in Figures Cl-1 and Cl-2. 

Early the next week, the children were divided according 
to age and then had their names drawn so that they couJLd 
select groups in which to work. Both classes had decided 
earlier that each group preparing a packet of materials 
would include children at all age levels and that each group 
studying a packet would be of . the same age. After this was 
completed and the pretests were administered (in some cases 
the questions were read aloud for those who had difficulty 
reading them, the children spent five sessions working in 
their groups with the prepared materials. (Samples of^aa- 
terials prepared. by different groups can be seen in Figures 
Cl-3, Cl-4, and Cl-5.) - ' 

Complaints from both classes centered on the lack of 
organization and difficulty in reading the- writing in some 
of the materials* One 6hild said he felt it was impossible 
to answer some of the questions. * 1 
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Later both classes spent an hour and a half discussing 

- — the ragulto of thcig lcayning /teaching\experiment, scoring 
the tests, and organizing the data.* Because of scheduling 
conflicts, the classes met separately. 

Meeting with the children in class B, I asked how we 
could show on the board which method of learning was better 
— both classes had used the same two methods, learning 
packets and reference materials. Approximately half the 

□ students were familiar with graphs, and many children had 
suggestions. One idea was to place the number assigned tQ- 
each child, instead of the name, along the vertical axis 
and the number of points each child received along the hor- 
izontal axis. As all scores had been determined on the 
basis of incorrect answers, it took additional calculations 
to determine the number of correct answers each. child had. 
The class decided to plot both the pretest and the posttfest 
score for each child - in different colors. 

. Members of the Research Group finished their graph, but 
those in the learning Packet Group complained that the method 
was too time consuming. I challenged them to think of an 
easier way to graph the data. Several children suggested 

*~~*finding the difference between the pretest and posttest 
scores and adding up the totals for feach group. My sketch 
of the graph th§t was made on the board as a result of this 
discussion is shown in Figure Cl-6% 

After completing the graphs, the children added the total 
points gained for each method. I then explained averaging, 
and together we averaged the scores for the topic of animals: 
research — 5, learning packets — 4*5. One child announced- he 

_ didn't understand why the Packet Group did not have a higher • 
average score because it contained two 12s and one 9. A 
classmate pointed out that the group also had some minus 
points and that many children had low scores which accounted 
for the low group average. Several students were surprised 
that some children had very few wrong answers on the pretest 
and only a few more right on the posttest although they had 
worked quite hard; on the other hand, others got up to 
twenty wrong on the pretest and gained many points on the 
posttest. 

The children in class B decided that there had not been 
much difference~in using either method but felt that their 
learning would improve if they were allowed to choose the 



V- 

*Test scores were not made available. — ED. 
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method they liked best.* Some students stated that packets 
were more fun but that several questions had been "dumb" and 
difficult to rdad. Students in the Research Group had simi- 
lar comments and an additional Complaint of incorrect list- 
ings of pages to read. They noted that there was an advan- 
tage to the research method in that many interesting bits of 
information were learned while looking up the specific facts. 
I asked the class to think about whether they had learned 
more as facilitators preparing materials on inventors /inven- 
tions, as learners studying about animals, or the same for 
both. At first a show of hands produced the following re- 
sults 

As Teachers The. Same As Learners 



6 « 15 f 0 

I then asked whether the children preferred to make their , 
own decisions about learning or have a teacher direct them. 
A show of hands produced the following breakdown: 



Children Directing Teacher Not Sure 
and geciding In Charge 

12 , . 7 2 

As teachers and facilitators they said they learned that 
a teacher — 

JL. must up a lot of information 

2. must be accurate about what is written down 
3* might have trouble with the "ditto" machine 
4. must be careful not to write too small, too 
close, too light, or too dark 

Several children admitted that their group had "goofed up" 
some of the papers they prepared for the other class. 

On the following day, I met with students in class A. 
We began by discussing the second graph that class B had 
made* We noted how close the scores were, and the children 
agreed with class B that both ways seemed about equally good. 
I then showed them a distribution graph of the scores of 



*The children might design a survey that would indicate 
whether the other class felt that a method was fun,, slightly 
interesting,- or boring. — ED* " ^ 
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class B.Csee Figure Cl-7) . After examining the graph, the 
child ren concluded that because more students were in the 
middle for research, perhaps research was the better method 
for learning about animals. 
* Many children in class A needed additional time to take 
the posttest and have it scored by a classmate. While this 
was being done; the other students began to worR on graphing 
skill sheets. Then with all the test results compiled, the 
children. decided to draw 'on the board a bar graph for each 
group showing^points gained frpm pretest to posttest c . (See 
'facisimilies reproduced in Figures Cl-8 and Cl-9.) 

When the graphs had been completed, the children added 
the points and divided by. the number of sKUdents in each 
group 1 to come up with the average number of points gained— • 
4.7 for learning packets and 3 for research. Not content to 
stop at this point, they also decided to make a distribution 
/"graph and another bar graph.* (See facsimilies reproduced 
in* Figure CjL-10.)" 
* We then calculated how much 6f the positive end we would 
have to take o€f in order to make up for the negative scores, 
itext, we divided the graphs in the center and came close to 
the averages of 4% points and 3 points. 

-Wj^th only a few minutes left, I asked the children M:o 
' vote on the same two issues that class B had voted on. The 
N result* are shown below. * ' * 
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Children Directing 
and Deciding 

13 



The Same 



Teacher 
In Charge 



As Learners 



15 



Not Sure 



12 



I', found; oxjyr greatest; limitation to tfe lack of time. Yet, 
despite the scheduling difficulties and (fuickenecj* pace as 
school drew to a close, the children .remained enthusiastic 
.and -motivated throughout their investigations. 



,,.*The two classes might compare the results. on the two topics 
v and discuss whether one Wthpd might be better for one 
Atopic and anothef i^etjiod better for another topic. — ED. 
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2. LOG ON WAYS TO LEARtf/TEACH 



by Florence Duncan* 
Ernest Horn School, Grade A 
Iowa City, Iowa 
(April-Majr 1975 ^' 



ABSTRACT 

This class of fourth-grade students met two or three 
times per week to apply the Ways to Learn/Teach challenge 
to their study of spelling words. They began by designing 
and constructing teaching "machines." After several ses- 
sions the focus of their investigations changed to teaching 
spelling words to a third-grade class. The fourth graders 
divided into three groups— Teaching , Practice, and Games-- 
and prepared appropriate materials which they used to teach 
the word§ to the younger children. Pretests and posttests 
were administered and the data were tallied, organized, and 
displayed on charts and graphs. An analysis of the results 
showed that the practice method had been most effective. 



r 



In April, when I met a new group of' fourth graders for 
the first time, we began our meeting with a short, get- 
acquainted game. . I followed the game with a discussion of 
learning, asking such general questions as, "What new things 
have you learned this year?" "What new things have you 
found it hard to learn?. . .easy to learn? .. .enjoyable to 
learn?" There was a good response to these questions from 
everyone and a lively discussion' ensued of what things made 
^learning interesting, easy, difficult, or boring. 

During the next session we reviewed pur discussion. Then 
I asked the children whether they would be interested in 
trying out some of their suggested methods to learn spelling 
word6 and to determine whether one way was better than 
another. The class developed a list of ways to learn spell- 
ing which I recorded on the board as follows: 



1. words flashed on a screen 

2. write the word times 

3. read and study 

A. make sentences using words 

5. write definitions 

6. posters 



7 * 

87 
9. 

10. 

11. 

12. 



write a story 
practice test 
crossword puzzle 
spelling bee 
spelling tape 
slide projector 
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Three items — write definitions, write a gtory, and crossword 
puzzle — were challenged by the children as being really help- 
ful in learning to spell words. 

We began our next session by discussing the advantages 
and disadvantages of the various methods of learning spell- 
ing words. The children unanimously decided on r a pretest 
and posttest to help them determine the best method and I 
chose^the following ten words from a list designated as the 
500 most misspelled words: ■ 

1. escape 

2. luxuries 

3. mosquitoes 

4. neighbor 
5» occurrence 

Everyone agreed that this would be a gdod spelling list to 
use I . ' 

During the next several sessions the children focused on 
learning to spell the words by using various teaching aids. 
Before they began their work, I gave them an- oral pretest. 
Their designs of teaching aids included different types of. * 
spelling boxes with paper threaded through them on which 
the wor,ds were vj^tten. (kie child expressed concern that 
they needed to know their words in order to make spelling 
machines. Others, in the class disagreed, stating that this 
would give such projects an advantage in learning the words. 
Aft # er much discussidn and questioning over a period of sev- 
eral class sessions, I asked the children whether they would 
be more interested in trying to teach the spelling words to 
other students; they responded enthusiastically. 

To begin our new challenge — to teach the ten spelling 
words to others — we had to reorganize our earlier^list of 
ways to Ifearn spelling to elimtnate^dverlap. We narrowed 
the twelve ways to three—practice, teaching, and games. 
One student volunteered to ask two other teachers if^we 
could enlist tfieir classes in the experiment. The second/ 
third-grade teacher whom they asked agreed to,let my class 
visit her students the tl£xt day to explain the project and 
administer the potest. 

The rest of the day was spent in forming the three dif-** 
ferent groups and in planniiif activities to, use in the 
experiment. At the end of the session the children met as 
a class to hear reports frpm each group. Meiribets of the 
Game Group reported that each chilcj would make a different 
game to use with the third graders. The Practice Group 

*?0> 



6. paralyze 

7s concern 

8. stubborn 

9. across 
'lO. dis cuss 



decided on several different practice activities: (1) write 
the word forty times, (2) write a sentence containing the 
word ten times, (3) use a prepared spelling tape, anil (4) 
say the word and spell it twenty^five times. Children in 
the Teaching Group reported that they were going to have a 
spelling bee, a very popular small group activity in our 
intermediate spelling classes. In addition, they agreed to 
use fiash cards to teach the children the words. •> 

A quick planning session was held before going to the 
primary unit the next day. Two gtfcdents volunteered to ex- 
plain the project to the second and third graders, and I 
asked how they planned to take carje of the differences in 
class size. After a head count showed that there were 
twentyrfour primary children and twelve^of us, my students 
agreed that each fourth grader would test and prepare ma- 
terials for twa students.* > 

The explanation and pretest went smoothly, and we re- 
turned to our classroom where we checked and discussed the 
pretests. The class decided that each of the three groups 
would *chart its owp scores. I asked the students how they / 
could keep from hurting the feelings of the secohd and < 
third graders who had missed many words. They suggested 
using numbers rather than names. 

Before the session ended we agreed to devote two class 
sessions to the preparation of materials. Those students 
who completed their preparations early helped others to 
finish. One of my students, who was just learning to speak 
English, al$o participated in the experiment. He was aid^d 
by classmates who helped him learn to pronounce and spell 
the words correctly- 

Op the predetermined day my students went to the primary 
classroom, and each joined t^he two students* he/sl\e had pre-,, 
tested. They immediately began working on the spelling 
words using the methods they had prepared. Although a few 
groups sat around desks, most sat on the floor. Their con- 
centration appeared intense and their behavior was excellent 
One third grader challenged our spelling of one word because 
he had looked it up in an unabridged dictionary and found It 
spelled differently. We stopped to check the dictionary and 
discovered that both spellings were listed— mosquitos and 
mosquitoes. 

My students. returned to the primary room on another day 
to administer the posttest. Several primary students had to 



*The children might discuss how the sedond and third graders 
p Should be distributed among the different groups. — ED. 
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have their posttests scheduled for another time because 
they were out of the building. 

When the data were collected, we spent thr<ee class ses- 
sions analyzing it. Each group prepared a chart of their 
data, which they brought to a full class discussion. (See 
Games chart in Figure C2-1.) A spokesperson for each group 
presented the chart to the class and led a discussion of .the 
data. 

When the reports were completed, I asked the children to 
devise one chart to show the totals of all three groups so 
that we could easily compare them. I set up the overhead 
projector, and several students came up and proposed charts, 
drawing them as they talked. The class was actively in- 
volved in making suggestions and* asking questions. The 
final chart was written on the board, and each student made 
his/her own copy. (An example of their charts can be seen 
in Figure C2-2.*) 

I held a skill session on graphing, and theti the students 
prepared line charts and bar graphs of the total pretest and 
posttest scores as well'as the gain for each group (see 
Figures C2-3, C2-4, and C2-5) . The graphs clearly showed 
that the children who had learned the spelling words through 
practice made the greatest gains.** 




*The students might discuss how a difference in the size of 
the groups would affect their analysis of the results! To 
compensate for this difference, the students might find 
the average gain for each group and compare these averages 
If students have trouble dividing, slope diagrams can be 
constructed to show the comparison of the ratios of total 
scores to number of people in the groups. — ED. 

**The students might find out whether the second and third 
graders liked learning spelling words in the way they were 
taught. A simple; survey could be designed to find out 
whether the students were very interested, somewhat inter- 
ested, or bored. — ED. 
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LOG ON WAYS TO LEARN/TEACfl 



by Thomas tiumler* 
v Heatherwood School, Grade 6# 
floulder; Colorado 
(April- June 1973) 



ABSTRACT 

In this sixth-grade class the Ways to Learn/Teach chal- 
lenge was applied by the children to their study of the 
metric system* The class agreed to take a pretest and a 
posttest to facilitate evaluation of their investigations 
of four methods: (1) memorization, (2) reading and research, 
(3) teacher-taught, and (4) practical application. Students 
discussed the importance of group selection and formed 
groups on the basis of their preference for a given learn- 
ing method. After several weeks of group work, the posttest 
was taken. Papers were scored, averages were calculated, 
arid comparisons of pretest and posttest results were made. 
The children converted the^raw scores to percentages and 
computed gains and losses. % They discussed their findings 
and cited possible reasons that some gropps had performed 
better than others. 



After a discussion of the ways in which learnin'g could 
occur, my sixth-gr^de class accepted my challenge to find 
the best way to learn their next math topic— the metric sys- 
^ tern. The class had already taken a pretest on the metric 

s^Stern, and the students agreed to take a posttest test 
after their investigations were completed to facilitate a 
before and after" evaluation* 

During the next session the class decided to work in four 
^\ groups, each investigating a. different method of learning: 

(1) memorisation, (2) reading and research, (3) teacher- 
taught, and (4) practical application. To insure good re,- 
sults, the class decided that the membership of each group 
should be as even as possible. As there were twenty-four* 
students in the class, they determined that each group would 
^ * have six members. Children were. assigned to groups accord- 
ing to their preferences which Were expressed by a ballot 
vote.** 

The group of students working on the research and reading 
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*Edited by USMES staff 

**Croups might be fonhed by random selection or by using 
the results of thd pretest. Otfierwise, one group may be 
O . » composed of children who leasn faster than others. — ED. , 
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Test on Metric System 



True or False—Write the compLete word. 

_1. A centiaeter measures weight. 

_2. A gram measures weight. 

_3. A centimeter is smaller than, a kilometer. 

_4. A kilogram is 100 grams. 

_5. A meter has ten centimeters in it. 



Fill In the blanks. 
A cubic centimeter measures 



2. A meter has 'decimeters in.it. 

3. A kilogram is ^grams. 

4. A liter has c ubic centimeters. 

^ — ■ 

5. A is similar to a mile. 

6. A is similar to a yard. 

7. There are centimeters in a meter. 

8. There are centimeters in a .kilometer. 

9. There are d ecimeters in a meter. 

10. There are d ecimeters in a kilometer. 



, Tell all you know, about the metric system. Use the 
back of the page. 



Eigure C3-1 
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method began bw brainstorming topics to research and listing 
possible references. Sources included the encyclopedia 
(World Book) , boats listed in the card catalog in the li- 
brary, and film s\rips. During their research, they were 
asked not to ao aw problems or use meter sticks because 
this would conflict with another group's method. 

The Practical Application Group was to learn the'metric 
system through the direct use of meter sticks. They com- 
piled a list of things to measure in the room including the 
chalkboard, flag, exit sign, room dimensions, themselves, 
and my desk. This group was ^sked not to use any books. 

Children in, the Memorization Group'were instructed to 
use only mathematics books for^ their study. They Rooked up 
a metric table in one of their books; one child began to 
read the quite lengthy chart aloud and was met with groans 
from his classmates* I suggested that the group con&ider 
using flash cards to aid them in their task.* 

The six students in the Teacher-Taught Group were going 
to be taught the metric system by me according to informa- 
tion in our math book. They began by defining a list of 
terms which included decimeter, kilometer, liter, arid- gram. 
They were then asked to define centimeter and to deterridne 
the number of centimeters in ♦a meter. 

Group work continued £or several weeks. Students in the 
Practical Application Group measured objects both in the 
classroom and around the school. First, they measured the 
items in feet and th£n converted their measurements to the 
metric system. Group members established the procedure of 
estimating before measuring. Then, once the measurements - 
were taken, the actual measurements were, compared with the 
estimates for accuracy. L 

The Teactier-TAught Group worked On problems from a math 
book. They were encouraged to consult with each other when- 
ever they ran into difficulty. I also spent several ses- 
sions with them discussing the metric system in terms of our 
money system. The Reading and Research Group divided; some 
students worked in the library, while others chose- to remain 
in the room to copy conversion charts from the encyclopedia. 
The Memorization Group developed and used flash cards such 
as "a centiliter « ? of a liter." The questions were on 
one side, and the answers w£re on the reverse side. Several 
members also prepared equivalence charts to be used by the 
group . 



*The» students might be asked to suggest ways to facilitate 
memorization . —ED;. 



decimeters. 
peters. 



Fill in. 

1. 200 centlneters • meters" 

2. 2 kilometers - centimeters 1 

3. 15 decameters * meters * millimeters. 

A. 12 millimeters - decimeters ■ hectometers. 

5. 21 meters * ^_ kilometers - millimeters. 

JFill in the missing parts of the chart. 
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The post test was given to the class in early June, Each 
section was carefully explained, and everyone had an equal 
amount of time to complete* the test* (A copy of the post-* 
test can be seen in Figures C3-1 and C3-2.) The tests were 
marked by the children during the next session. The name 
of each child was recorded on the board along with his or 
her pretest and posttest scores; they were arranged accord- 
ing to ,the groups in which they worked. 

To facilitate the comparison of the groups, group aver-* 
ages were calculated for both the ptetest and posttest. The 
average scores were then converted to percentages with the 
pretest and posttest percentages subtracted to determine the 
amount of improvement or loss* The results are shown below. 

Pretest Posttest Percentage 

percentage correct percentage correct improvement 

Reading and ^30% 53% 23% 

Research 

Memorization . 48% 59% 11% 

Practical 42% 70% . _ * 28% 

Application 

Teacher-Taught 36% 48% 12% 

We discussed the results of the children's Investigations, 
noting that the Practical Application Group had made the 
greatest overall improvement, followed by the Reading and 
Research Group. 1 aske<J the children why they thought that 
the. teacher-Taught Group .and Memorization Group scored so 
much Ibyer than the dther two groups. The class responded 
that these. 4 me thods wer en* t as much- fun w and perhaps they had 
"goofed off." Students in the Practical Application Group 
thought that they had done well because they were working 
,with "equipment," which made the subject matter easier to 
learn* The Reading and Research Group noted that they had 
enjoyed being able to work independent^ with a variety of 
printed materials and illustrations.* 0 



*The students might discuss whether another test should be 
given at a later date to check retention of the! learning. 
They might then choose another topic for investigation and 
choose groups so that they could compare methods of learn- 
ing for each individual as well as, comparing group results. 
—ED. 
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LOG ON. WAYS TO LEARN/TSACH • ."V . ■ J ■ '' 

/ >' • - .-■ .... . , v fjfe* . 

•by Ida Campbell* . t , ABSTRACT.* * * %, v <; ' - • ■. 

Hilsman Middle School, Grade 7 ; Studeriijs in this seventh^md&j^^^tics class began 

Athens, Georgia * , * *their investigation of the Way$. to'Le&n/Teach challenge as 

January-March*. 1975) they prepared, to *learn a new topic off study — geometry, They 

* . . d^termine$ which method? to include ziy' their experiment, and 

I ' V ' \ * then agreed, to draw lots\pQ t form -shyeral groups- \ After < two 

A % , * frustrating 'sessions were sp&nt trying to prepare ^mate&ials 

, to' learn a subject they t did hot knpw, the class decided to 

t 4 c , - refocu$ their investigation and find'ths, best way , to }.ear % n 

, ; geome tpy by teaching it to otheijy* -.jphe students were first 

^ - , tau^ilt th£' topic by f their> teacher and. then they worked in m/ . 

^ m m • . • * * . , . ' *groups to prepare nater^al's for each method. The children 

, held ^several teaching* 'sfessibns* with* sixth graders. Pretests 

K \' » c ' ' * ^ nc? posttjs^tS wejce a^ij^sfcqred.and scored, and £h,e. data 

* f 1 . , - ^ verje represented on graphs*. . Sach 'grirojjp determined Jboth the 

; * • • / gains i ; t&: studdhts 'and" 'trie ^vejage grain for the group 

and used th§ dd^ ta deS'ide which method was best. Sqlf- 
evaluations were writbe^ahd bite sixth+gr^de students were 
*" • r * * ^1 so ^surveyed for theix evaufations> of the techniques. Dur- 

, , - ing the lash ' two- months o£/ttie* school year this class was*- 

. % ; ^ challenged to^use different learning methods to . score k 

f . • r /^V » • ' higher class ^average j&'ihe study df fractions than two* 

> '? , other classes* . '* /■ * ^ . '<-- . 



\ 



# During a se&sion in* Which my classr was scheduled to begin 

~ # , studying geometry; I challenged the Students to find* the 
* . best way for our --class to lear^thie new. topic. This sag-. 
* ,<k » * gestionis, .met with qaiet apprehension because the children 

. V ^ '^V . were n&t sure wlfat I mean, and the^r knew 5 very littlfe about? 
\ i * geometry. Their interest grew steadily as via discussed * the 

, . • * % challenge. *One student acted as recorder for the* class and 

listed their ideas. The class quickly decided "ta break iritb 
• 7" v groups to' vote on th^ best way to' learn geqmetry. One cla§£ 
X mate noted what he observed to be a fallacy i .voting on serf* 

J - J- . j * . i\ * ^ thing about which you knew nothing. I" suggested holding a, 

^ 7 ^ fi 1 > % > . * ... .Jbrainstormin^ sei3sion,-andL the sl^djints came up with methods 

* \. v * ' that we could use to.learn geometry: . . - / 



- . * 



1. learning centers 
2* experimenting 

3. boards and nails ("hands-on") 

4 . games " 

5. field trips 
6* speakers 

7. math book instruction j 

I* 

After much discussion the list was narrowed to four items: 
(1) learning centers, (2) games, (3) hands-on activities-, 
and (4) textbook with instruction^ . I 

The next topic disdussed was group ^selection. The chil- 
dren immediately, rejected a classmate r § suggestion that I 
select the groups. One student said that it was' 'important 
that the "smart 11 people not end up in the same gtoup because 
that group would have an unfair advantage over other groups, 
regardless of tthe method used. The rest of the? class Agreed 
arid added; a requirement that the groups be equal in number 
o^members as tfell as in mathematical ability, if at all pos- 
sibles ■ ' fc . 

. . After a further discussion, one child suggested drawing 
lots ta determine group membership. Because there were 
twenty-six children in tlie class and four groups, it was de- 
cided that, two. groups would have six members and two groups 
vou 14 .have seven* Twenty-six slips of paper* were prepared, 
each .containing one of the four group names • These slips 
:w^r^ ; 'placed in. a box, and, each student drew out one. A stu- 
dkrft recorded the membership of eacfi group on the board as, 
each child 'read his/her assignment.* ' f 

: ..When. I looked over' the list after class, it became ob- 
vious that somt students had chosen the group they wanted, 
disregarding the paper /selected* At the next session we re- 
viewed the results of the group, selection, and the children 
a'lso noted that thfe makeup of the groups. didn*t conform t;o 
their pl^ns. ' We deplded to .repeat the prbcedure* The' second 
round .was { successful, with no children switching groups. 

The class then talked about some of the logistics of work- 
.inj$ in snjalli groups, (fee student pqin ted out that some s 
groups would be noisier tfian othew; he suggested tfiat they 
yofck.in the hall* A classmate disagreed; the hall woul^ be 
iiore appropriate f.or the quiet jar., 'groups, Ifi thought, because 
, tfrey ivouid be leas likely tq disfrftrh other classes. 



*To<aytffd tjiaairig the group selection, the c^Lass toight pref- 
'.$> arj£ tv4aty-cight sUp»> seyeti. f |p^each bf tJie .fio.ut gtpuj^, 
,.pdlyi,tve.nt?r83lps would be drafcni. however •TripVr/ *.. : >\\ 



■ 



At my suggestion, the student^ discussed the idea of a 
pretest. They agreed it would be a good source of data and 
would enable them to evaluate progress if they.madie a com- 
parison with posttest scores. Their oiHy Stipulation was 
that pretest scores not be counted in their grades.* 

The students met in their groups to begin planning how % - 
they would use their methods to learn geometry. Because 
they were unfamiliar with the subject, they soon concluded 
that it would be difficult to make much headway. Therefore, 
they decided to get an* overview of geometry by studying 
their math texts. Nevertheless, frustration began to build 
as the v students tried to apply their limited, knowledge to 
specific learning activities. - \ ^ 

After two. periods of little progress,' I cabled the gr'dups 
to a general meeting, and together we worked out a better 
plan of action. \?e discontinued the challeng^^f having the 
children find the best way to leatn geometry on their own; 
instead, they would find the best way of learning geometry 
by teaching it to another class. First, I would instruct 
our class, and then when the students had a T godid knowledge 
of geometry, they would work in their four groups to devis'e . 
activities to use *in teaching others unfamiliar with the 4 * 
subject. In that wa^ we could still evaluate which methocl , 
of learning geometry ^as best. The children were'extretpely 
pleased with their plan.. Their enthusiast returned and* 
continued to be high. / * ' . 

When the study of geometry was completed, the children 
once again met in their' groups and acquainted s'eyeyal new 
students with their activities. Discussions focused on the 
following questions I had written on the boarcj.** 

1. What geometry flo we know? 

2. Do we #ant to try^to teach all w£ know to • 
the sixth graders an three days? . . 

3. .If not, what specific things do we wan,t to 
teach? * 1 , ^ * , . * f 

j 4, Should ewery group^ 'teach the s,ame^hing.? 

Toward the end of the session ^thd^Sttfcijje class^met, and 
I read aloud the notes of each group's discission! Question 



*The students might use the pretest scores to form balanced * 
groups;— ED. 

**A class discussion of what JjhV groups were to do might 

brjng out the same ideas. -■&). ^ 



four, "Should every group teach the same thing?" prompted a 
lengthy discussion. One student stated that if one group 
taught easier things, their "students" would make higher 
scores. A classmate suggested having each group. teach dif- 
ferent things with the sixth-graders rotating from group to 
group, thereby learning everything, tasked the class 
whether this rotation method would help us meet the chal- 
lenge of finding the best way to teach' geometry. One boy 
replied we could simply ask the sixth-graders which method 
had been^the best way to learn. Another youngster, p&ying 
close attention to the conversation, observed that if the 
sixth-graders went to different groups each day, the end * . 
result would be a combination of all methods or more like a 
learning center. VoicingJiis agreement, another child added 
that sixth graders might choose one method a« best just be- 
cause they enjoyed it more than other -methods.* The class 
considered all the comments and then decided" that the groups 
would use their different methods to teach the same lesson. 

Before ending the session, I asked the children what kind 
of data we would need to support our choice of the best 
method. One student made tw<3 suggestions that were accepted 
by the class. They were (1) to give the sixth graders a pre- 
test to find out what they knew before out lessons, and (2) 
-to conclude the teaching sessions with a posttest to find 
out what they had .learned. >+ / 

Choosing the topic to teach the sixth graders was our 
.next concern. The children referred to their math textb'ooks 
and, as 1 they called out; items they considered important, a 
student recorded the information on the board. When the f 
list was completed, the children were surprised — everything 
they had^ studied about geometry yas included. One student 
remarked that, the class had spent severa.1 weeks learning 
about everything on the list butjthAt they would have only 
three sessions with .the sixth graders. A classmate came up 
Vitji the idea of teaching the sixth graders pnJLy "a little" 
and letting 'them teach each other the rest* However, an- 
other child reminded everyone that having them teach each 
other was not the purpose of the challenge* 1 % 

I refocused ^attention on the list of topics by asking the 
students what tluw felt we should do with such a comprehen- 
sive, list. One youngster stated that the clasg should teach 
oijly the main points. ; ,She noted that what needed to be done 
was to .go through the list and sort items according to their 

*The clajss might consider whether enjoyment, £f a methdd % 
could be one ctitterion for judging a given method.— ED. 



importance . That plan was accepted . The class voted on 
each item and those reviving a majority of the votes became 
the topics they would teach. The final list is shown below. 



1, 


symbols 


2. 


' congruent* An?l^<; 


3. 


bisecting 


4. 


planes 


• 5. 


adjacent - 


6. 


points .and lines 


7. 


right angles 


8. 


vertical 


.9. 


acute and obtuse 


10. 


' supplementary 


11. 


verfex 


12. 


perpendicular 


13. 


measuring angles 


14. 


CQrrespond 


15. 


interior and exterior 



Several students were concerned 4 that *some of the topics 
would be tQ6 difficultjfor the sixth graders, but other stu- 
dents retorted that it was not fair to prejudge their abil- 
ity; As the class ended, I asked the children to cjome to 
the next meeting with specific ideas on how their group 
could te&ch the tfbpics. 

School schedule's limited the teaching preparation time to 
six days, including one weekend. Therefore, much of the 
work hkd to be done out o£ class with cla&s time used 'for 
discussions and decision making. Every student copied the 
final list as a guideline to* use at home. The class decided 
that I would design the pretest: and the posttest. % 
> At dur n§xt meeting the children immediately organized 
their groups to discuss each member's ideas,- to make final 
plans, and tb divide the tasks among group metnbers. I 
visited each group apd offered the following reminders: 

1. Us^class time wisely—'-make decisions in*- the 
. ' gfoup and assign tasks to be done at home? 

2. Keep the list of things to be taught in front 

of you.. As each person explains his/her ideas,, 
^^-v^sk yotirself — . > 

\ ^^TT^ # Does it teach what*we want it to teach? 
b'. # Does it. use ^our teaching time to^the 
test advantage? \ ' 



^ *T S 

Pretest 

1. With your tfuler, draw an obtuse angle. 
Then construct, using a compass and ruler, 
a congruent angle .. 

2. Wfth your ruler, draw an atute angle. Then 
construct^ using a compass and rul^r, a 
congruent angle. Bisect both I. *s. 

3. Draw a pair of adjacent ^.*s. Label them 
/-ADC and A COX. 

A. Draw a pair of supplementary L. *s. Label 
then Z. 1 and Construct, using compass 

and ruler, an L. which is supplementary to Z. 2. 

5. Draw two pairs o£ verticle [sic] /_ f s. Show 
which are =» . 

6. Use obtuse of acute Ito fill each blank: 
a. An L. that is supplementary to an acute 

^ _ [ . , . 

b r An that is lesi than a right /-is 

c. If the sum'of 2 *s is a right , 
then each Z- is 

7. On the back of this sheet, draw a line *m\ 
and mark on line TP three points, A, B and 
C, in that- order. Now bisect ^- ABC. What 
kind of Z_ *s are formed. 

8. *Using correct symb ols write: 

a. Line segment XF is congruent t*o line CD 

segment — 

b. Ray XY ' 

c. Angle PO 

9 . Using your protractor "measure these angles 




The roojn was somewhat noisy, but the discussions pounded 
very productive* I sent two groups to other locations to 
work* As I circulated among the children, I was .impressed 
by several factors: 

!• Only two people in the room had failed to 
bring in written suggestions. 

2. There was good, critical discussion in the 
groups. ; * 

3. By the end of the session, everyone had an 
assignment to prepare at home for the next * 
meeting. 

Group work continued for several sessions, and the chil- 
dren set Monday as their rehearsal *day with their finished 
lessons. The groups were well organized and cooperative; 
and I was very pleased with the materials they prepared, 
which included transparencies and duplicating masters. 

On rehearsal day we reviewed our teaching arrangements. 
The sixth-graders would come to our classroom for the ses- 
sions. The sliding curtain separating our room from the 
next room would be opened to allow us the space of two -rooms. 
The sixth-grade. teachers would have the clashes divided into 
four heterogeneous groups, one<for each of our four methods. 
As a last minute check, I distributed copies of the pretest 
and advised the groups to look it over and jnake sure that 
their^materials covered all the topics mentioned. The re- 
maining time was spbnt finishing the materials and rehears- 
ing the lessons. 

The following day I escorted the thirty-eight sixth i 
•graders to our; classroom where they divided into four groups, 
as arranged by their teachers. My students first adminis- 
tered the pretest reproduced in Figure C4-1. 

After the pretest was finished, ,my students taught the 
lessons they had planned, using dittos and student-made 
transparencies, compasses* protractors, and rulers. Student 
involvement and participation was high in three out of four 
groups; however the Books and Instruction Group had diffi- 
culty maintaining the sixth graders 1 interest. 

Following this session two students from the Book Group 
discussed their problems with me. They felt it would be 
better to divide their sixth graders into several subgroups , 
to accommodate their wide range of abilities. * Theyask^d me 
to grade the pretest papers and divide the group, but ^pug- 
ge'sted that we look over the papers together to se& whav 
the sixth graders already knew about geometry. The students 



6Q 



SCORES 

b 

Books ' . Games Activities Learning 

Centers 




Pre 


Post 


Pre 


Post 

- 


- Pre 


Post 


Pre 


Post 


8 


18 


10 


' 10 


1 


6 


20 


22 


J. 4 


9/. 


7 


7 
/ 


u 


A 
4 


7 
/ 


1 7 


8 


19 


7 


n 


2 


< 5 


0 


0 


0 


3 


10 


12 


10 


20 


9 


• 11 ' 


10 


22 


8 


8 


10 


25 


11 


17 


7 


10 • 


8 ' 


8 


- 7 


18 


11 


17- 


3 • 


5 










9 


a 28 


12 


16 














0 ' 


3 




3 










'Determining which 


group 


had learned the most 


about geom- 




' Pre - 

no ny * . 
Uuflx. /O 
T^P 30 

_ etry Vas our next task. The students decided, after some 

Te$f - fivtt* 'Ost /*$f discussion, to average the pretest and posttest scores for 

each group so that they could "even out" "the large and" 
smaller group sizes. They also agreed to discard scores of 
any sixth grader who had taken only one of the tests. One 
student in each group then read aloud the scores td group 
members who computed the pretest and posttest averages. We 
* compiled the data on the board (as shown below) for easier 
1 . J ' comparison. * 

• Pjyjif % T*<>t~ & k . \' m AVERAGE SCORES 

h y€r * * 0S *: I* 4 ** ^ * _ .. Books * Games Activities Learning 

3 [Gained* %_pcint$ \ y ^ ^ ^ po * st . Pre Post Pre en % ost 

/ • \ Figure C4-2 % . , 7 . • 13 8 9 5 13 9- 16 

, , t . 1 ' * " ° ' Again I asked the students how we could decide which ^ 

s ' -\- w . V * , .'. ^ • . method h£8P been most effective. One' student recommended 

' > *' V * * calculating the, differences.' between the pretest and posttest 

v. . * v sccfre$ and then fftuiing the* averages gain f<?r each group. 

* y-\. Jth^s plan was adopted and the* groups met to complete thd 

■ % , ; * confutations* (Examples of the work done by two gtoups are 

• ' '« V * shown in Figures G4-2 and C4-3.) Based on the average gain 

-\ V/ * ' ^{} ' • ' in scores shown below, we concluded that* the Activities 
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/agreed to this; they also decided to revise their list ol 
the topics to be taught the next day ^ind.to go over the list 
with other committee members.' 

I realized that an important component of our investiga- 
tions .had-not been worked into our schedule — evaluation and 
adjustment of plans. It was too late, however, Go resched- 
ule the sixth-grade students to make more time available. 
Nevertheless, my students quickly understood both the impor- 
tance of being well' organized and the frustrations that can 
occur in % teaching. * J t o 

The following day I again escorted the sixth-grade stu- 
dents to our classroom. They, immediately joined my seventh- 
grade students to begin their lessons. Members of the Games 
Group appeared hesitant about what to teath; they felt that 
the sixth graders in their group already had a good knowl- 
edge of geometry. They divided the sixth graders into two 
-subgroups— boys and girls— for the remainder, of the sessions, 
and I noticed that the girls did a great deal of instructing. 
The sixth-grade members of the group were attentive through- 
out the teaching sessions. ' ' . , ? ' C , 

The Learning Centers Group had developed three centers, 
and the sixfh-grade students, rotated among them* As .they 
had planned, the Book and Instruction Group divided their; 
students into two groups, both working with,' our math text- 
book. Members of the Activity Group had tfie sixth-grade : 
•students draw various 'angles at the chalkboard. This wais 
followed by a Bingo game usinf geometric symbols on the 
cards and f inally^j^haficls-on lesson on bisecting an angle, 
using a compa£8*-*knd ruler. / 

Inj&e-**final teaching session, all four groups revie^pd- 
materials they had covered the previous two days. Then 
my students administered the posttest. which ^as the same, as 
the pretest. • ■ " t 

Grading the posttests and pretests took us a .full session 
Eacfi test score was calculated by subtracting the number of 
incorrect answers from twenty-eight, a perfect scored One 
member »of each group read the grades from the top of the 
pafcer and recorded the pretest and posttest scores for each^l 
individual in the group. The results $re shipwn below*. 
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Group had been most successful'.* 
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Figure 414-4 



AVERAGE GAIN PRETEST VS . POSTTEST 

* Books 6 

' Games' * 1 

K ' Activities 8 

1 * Learning Centers 7 

I * 

I then asked the student^ to meet in their groups to de- 
cide why they thought (he data^xesulted as it did; for ex- ; 
ample, whether or not the"^lxth-grade children were involved 
in the sessions, whether the g^oup was well-organized and 
theinstrtitction clear. Later we met together for a follow- 
upf"3iscussion during* whfch each group shared its thoughts 
with the entire cla^p. Throughout this discussion the chil- 
dren referred to their data and tried to listen critically * 
to their classmates, (A copy of one group's self-evalu&tion 
is, shown in- Figure c4-4.). * 

These studeftts wanted me to compare their result's with 
thpse of my other two classes whb were also working on Ways 

Learft/jTfeach . I asked my student^ whether they could 
tMnk of ja vay to represent our data so thai; everyone in all 
jth£ classes could see our results* Many students recommended 
Irawing graphs* We had not j4t discussed graphing in our 
math class and, although most children said they knew hoy to 
make a graph, it was necessary to hold a discussion and skill 
session*, on graphing. . 



*In comparing ^the results, the students*might discuss' wheth- 
er remainders are important. This might, lead to the "intro- 
duction of the decimal system, rounding, of f, and t significant 
figured. They might also discuss whether the differences 

•among the groups might accur in another trial or whether itu 
is something that happened as" a matter of "chance. See Back- 
ground Paper ''on determining differences between two. sets of,, 
data.; Also, the stu^ent^s might compute and compare the per- 
centage gains based. on the pretest scores.^ These percen- 
tage gains are, approximately — 1 * 



Books -7 « 85.7% 



Games ± - 12. $% 



8- 



^ Activities,-^- 



160.0% 
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Learning Center «jpj « 68.4/!! 
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t The children suggested three different ways to graph the 
pretest andpgg&t £B£ da ta^-two were bar graphs <and one was 
a line grapfuThese students explained their ideas to their 
classmates, and I illustrated orj^the board the types of bar 
graph shown below.* 




or 



/5< 
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pretest 



postfcest 



B 



A. 



B 



The students* then worked on their graphs; a copy of one 
graph can.be seen in Figure C4-5. x ^ 

Before ending their work' on /the challenge, the class de- 
cided to survey the sixth graders involved, in the experiment 
to dete'rmine which method of learning geojnetry they had k 
liked best. The students composed the questions during a 
c2>ass meeting and, one student then wrote them on a duplicat- 
ing master (see figure C4-6) 0 

The survey was administered to the sixth graders by two 
volunteers, and the results were tallied and compiled by 
representatives from each group who then reported the infor- 
mation to the class (see below); 



RESULTS OF SURVEY BY GROUP 
* 

Activity' Learning Centers Books 



Gaines 



YES . NO 



1. 
2. 

3.,. 

4. 

5. 

6. 

7. 

8. 



6 
6 

4- 
*S 

1 
6 
5 
2 



0 
0 
2 
1 
1 
4 
0 
1 
4 
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6 
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3 ' 



NO 

- 1 
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2 
3 
4. 
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'*The> students might also compare /the pretest and pofettedt' 
average's on & line chart.'— ED. > T 
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Referring to the survey data displayed on the board, the 
students looked for some correlation between the pretest and 
posttest scores and gains. As they reviewed the results, ) 
question by question, they observed that, in many instances, 
the data did correlate. ,For example, the Activity Grpup, 
which had shown the greatest gain, had the most positive 
response to the question, "Did you liSce the teacher?" The 
children noted that some of their survey questions had ^ 
direct bearing -on the challenge while fether questions were 
interesting in terms of responses but of little consequence 
to the results. 

Before^ending the session, I mentioned ( to the class that 
some of the representatives had found it difficult to tally 
the responses — some sixth graders had answered "maybe" or 
"sometime" rajther than "yes" or "no." We briefly discussed 
(1) ways to improve our survey techniques (for example, de- 
sign questions/responses to give more of a choice — very much," 
O.K., not much, terrible) and (2) whether onef should nlake 
sure that people surveyed answer each question.*'. 

With two months remaining in the school year an(J two math- 
ematics topics to learn, I challenged my students to learn 
one new topic, fractions, better than my other c two toath 
classes. The students accepted the challenge, and we spent 
time designing the experiment* Children in the experimental 
class were to list the skills^ to be learned and then learn 
them through teacher instruction and skill sheets; the text- 
book would be used only for homework examples.** I told my 
other two classes, the control groups, that one of my classes 
.had challenged them to get a higher class average at the end 
of the study of fractions. They were to learn the topic 
fr,om their textbook with help as needed from me. 

The children in the experimental class charted and aver- 
aged the scores from each of the tests as they wero^faken; 
students in all three classes were extremely interested in 
the class standings which were determined from each set of 
test: scores and then posted. Based on grades from six tests 
given during the unit on fractions ; the experimental class 
did earn a higher overall average. Although the average in 




\ 



*The students might discuss whether the difference in total 
votes is important. They could make slope diagrams to 
compare, the ratios of yes answers to th* total vote for 
each group. — ED. 

**The students might decide to try a third way, practical 
application. — ED. 
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one control class was significantly lower, t&6%5ther, control 
• class average was very plose to that of the^bjSerimental 
group, I All three classes noted that they ha$'$ijoyed study- 
ing fractions, regardless, of the outcome, aAOtfiey were glad 
to have participated in -the experiment. :V^t/ 



ABSTRACT 

This eighth-grade math class, designated by the school 
system as a group of low-ability students,, began their in- 
vestigations of* the Ways to Learn/Te&ch challenge as they 
prepared tb learn a new math topic — percentage. The chil- 
dren discussed the best ways to learn about percentage and;, 
then selected four methods: (1) learning centers, (2) games, 
(3) tapes and films, and (4) business '(application) . At 
their request, the teacher divided the class into fout 
groups. Then, after taking a pretest, the groups spent 
fou&efen sessions learning about jpiercentage with their des- 
ignated methods. A posttest was taken and gains and average 
gains of tfce group were calculated. The children next eval- 
uated the results and suggested ways to improve future 
trials. Later in the semester students took a retention 
test, calculated scores &nd gains, and discussed the results. 
The group using practical [application had greater gains on 
both the posttest and the detention test. * t 



A class discussion concerning their next math topic, per- 
centage, showed th&t the subject was new to all the students 
in my eighth-grade class. When I asked for suggestions of 
the best way to learn about percentage, the discussion be- 
came very -lively. One student responded immediately that 
the best way, for him to learn a new math topic .was to study J 
the textbook and 4 then practice. Another student remarked I 
that she learned best when the teacher worked problems on 
ttue board as she observed. A classmate joined the discus- 
sion, saying that the overhead* projector helped him most £n c 
learning- a new topic > and two other students observed thqt 
they learned betted in math class when they worked n in 'groups. 
Approximately half the class agreed that group work was also 
the*best method for them. 0 

Using games and audiovisual aids were also mentioned as 
possible ways to iedm percentage. One student, who rarely 
participated in class discussions, became very interested; 
he said he would learn best by using other materials and < 
subjects to which the study of percentage would apply. 

*Edited by USMES staff 



Other students thought that using their two senses, hearing 
+ a&d sight, would-be most" effective; they could listen to a 
tape, then read, and finally fill in a practice- sheet . At 
the end of the discussion I asked the children to consider 
whether we could find out which of all the suggestions was 
the best method. 

The second session began with a restatement of the prob- 
lem: ''How can we find out which of the ways suggested is 
the best way to learn about percentage?" Several students 
thbught we could use just onfe method and then try additional 
ones. After several minutes of discussion the class decided 
t3*conduct an experiment with several groups using different 
methods to learn about percentage. Then we H ou ^d compare 
their results. « 

I asked the children how they .thought the groups should 
be selected, and I suggested listing 'possible ways *on the 
board with each child choosing the method he or she -liked 
best. The children were very upset by this idea; they were 
bothered by the thought that most of the "smart" students 
would select the same group. They insisted that the groups 
have equal ability, with each child" taking a pretest and a 
posttest fco measure and record their improvement.. 

Deciding >whtft criterion to use in fbrming groups caused 
quite a debate. Some students felt that the determining 
factor shoul d be last quarter's grad es % while others though t 



'it should be the .amount of work done rather than the grade 
received.. Still others believed that the decision should Jbe 
based on the results of a short pretest. The session ended 
with the class asking me to arrange the groups, subject. to 
their approval, using whatever information w^s available to 
<me.* * o 

In our third meeting we discussed the groups I tiad se- 
lected.' Several changes were requested and^approved by the 
^ class. The following list of ways to learn about percentage 
was written on the board: 

1. playing games ^ «i o 

2. "studying from a book, followed by working, 
on examples 

3# using learning centers 
0 # 4. ^ using tapds and films 

5. business (application of percentage to 
money problems) . ^ 

6. Observing someone, followed by practice 



*As there are so many variables involved, the students 
might a^res to a rahdom selection of students for the 

t*3 
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Pretest 



Change to cocoon fractions (simplify to lowest 
terns) 

(1) A1Z (2) 5Z (3) 3X (A) 25Z (5) 8fz 

Chanfe to dec ins Is 

(1) *5Z (2) 3Z (3> 8Z CA) 3.8Z (5) 9Z 

Change' to per cent 

(1) *5 (2) .35 (3) £3 U) 2 (5) .09 
100 100 Z ' 

Solve the following' 

(1) 25Z of 200 - (2) Z of 25 is 5 

(3) 20 is 25Z of (4) 35Z of 68 - 

(5) 10 Is Z of 50 

(6) Mary bought s dress at a 20Z discount, if 
the dress cost $15, hov ouch did -she save?* 

(7) Paul sold $150 worth of aagazlnes at the school 
sale. If the school received a 20Z commission, 
how nuch did Paul oakc for the school* 



Figure C5-I 
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11/ 20°% <sjf*5u*> 

Figure C5-2 



Group discussions of the approaches led to the selection 
of four methods: (1) learning centers, (2> games, (3) tapes 
and films, and (4) business (application). I ended the ses- 
sion by administering the pretest\on percentages shown in 
Figure C5-1. \ 

After class I corrected "the pretests Sand filled the data 
(see belowjj to be used by the children kt a later stage of 
their investigations. ' , * 

N 

Method Scores 



yes 



# Centers .3, X*. 1, 2, 1 

, Games . 5, 0, ft, 0 ' 

Tapes and Films- 2, 2, 2, 3 

Business p, 3, 2 

The children .spent fourteen sessions working in their 
groups to learn about percentage using materials I had pre- 
pared.* On several occasions lessons were provided by my 
other classes who were also working on the Ways to Learn/ 
Teach challenge. We also held three class discussions so 
that the groups could share their experiences with one 
^mother." 

The Games Group began by playing a game of Concentration 
tiomemadej cards contained percentages and their decimal or 
fractional equivalents; sample cars mi$ht be 10%,. 25%, ,10, 
.25, 1/10, .01. The usual rulerf of the game applied — cards 
Were placed, face down; children toot turns uncovering twe 
car d^. at a time; each matched pair^ resulted in # a free turn; 
the person with the most pairs of cards at the end of the 
game was the winner. The students also worked on a sheet 
of basic concepts which were reinforced by the game. 

"Hurry Up 11 was another game developed by the children. 
Each student was given a pack of answer cards — index cards 
with a number from 1 to 50 written on ea'ch one, A separate 
stack of cards Containing problems such as "20% of 50 
were, turned face up one ,at a time. A student had one minute, 
'using a timer, to calculate the correct answer and find it 
'among his or her answer ^ cajrds. Each correct answer earned 
one point. An example bf one child f s game sheet can be seen 
in Figure C5-2. 

A third game used by th£ students was f *Wastepaper Ball. 11 * 
It was planned to help students learn to calculate percen- 
tages. The children took turns throwing a wad of paper into 



*The children might want to prepare some of their <*&i ma- 
terials. — ED. 
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Figure C5-J 
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the wastebasket ten times from a distance of six to ten feet. 
Each chilti then had tojcalculate the percentage of throws • 
that reached the basket. (See one child's record sheet in 
Figure C5-3 1 .) A second round was played with seven shots 
per child. ( 

Members of the Tape 2nd Film Group watched and then dis- 
cussed a fiBns'trip on the basic concepts of percentage. The 
following session thpy used a cassette tape and a worksheet. . 
The tape slowly explained the concefcfs and then time was 
allowed to complete the worksheet problems. Students in 
another class prepared another tape-recorded lesson. The 
tape instructed those listening to study a poster containing 
percentage equivalents. Then tips were given on how to 
apply equivalents to reduce calculation time for percentages; 
for example, children were encouraged to change percentages 
to equivalent fractions— -20% of 35 = 1/5 x 35. - 7 / Wotk- • 
sheets were provided and answers were recorded on the ,tape* 

The firsf ( materials for the Business Group contained an 
explanation of how to calculate a 3% sales tax. 'Usin^ a 
menu from a local restaurant, the students were directed to 
place an order, determine the bill, and calculate th ; e sales 
tax. Next, they were given a price list from* a hardware 
store with the task to calculate the tax on each itjem. Ac- 
tivities for another session focused on a series of ten 
percentage problems, which were written on index cards and 
circulated to each group member. Answers were checked 
against an answer sheet. For another session the Business 
Group was given- problems involving discount and an explana- 
tion of how to folve them. Again, they were instructed to 
check their work against an answer sheet. 

The group of students using learning centers/ tried a 
variety af materials. A display board was used the first 
sessipn along wi£h a cassette tape with percentage problems 
and answers. Several sessions were spent usijig the Over- 
head projector; transparencies contained problems with 
errors, which the children were asked to detect, as well 
as new problems to be solved. The final sessions were 
spent using the game approach. For BINGO, tjhe call cards 
were Witten in the form of problems, such as 6 is % of 
24. * 

During* each session I circulated among the groups to talk 
about their progress an4 also about any problems they had 
encountered. Everyone agreed that it took several, sessions 
to become accustomed to group work. By the twelfth session 
three groups, Games, Tapes and Films, and Business, ex- 
pressed a desire for more variety- The majority of students 



U3 



Poittcst 



Change to cooaon fraction* (simplify to lowest 
terns) 

(1) 22 (2) 322 (3) 82 (4) MZ (5) 132 

Change to decimals 

(1) 422 (2) ! 22 (3) 92 "(4) 32 (5) 4.32 

Change to per 1 cent 

(1) 35 (2) .43 (3) 25 (4) 4 (5) .07 
100 100 5 

Solve the following ^ 

(1) 142 of 300 - (2) 2 of 32 is 8 

(3) 43 is 422 of (4) 442 of 75 - 

(5) 4 is * of 50 

(6) If John can buy a $70 bicycle at a 152 discount, 
how nuch would he save? ' 

(7) Paul sold $200 worth of books at a 302 discount 
how such was his commission? • 



Figure C5-4 
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felt that using several techniques was njore conducive to 
learning than using the same method each day, but they 
agreed to continue in their particular groups for the. two f 
remaining sessions. (However, their opinion about the cor- 
relation between learning and the variety of methods was 
not substantiated by the data gathered on the four groups 1 
progress.) 

At the end of the fourteenth session I gave the groups 
tte pofittest shown' in Figure C5-4. 

For our next session I had written on the board the fol- 
lowing test information and four questions: 

SCORES 



Centers ' 


? Games 


Tapes & Films 


Business. 


Pre Post 


Pre 


Post 


Pre 


Post 


Pre Post 


3 11 


5 


13 


2 . 


12 


0 . 11 


1 14 


0 


14 - 


2 


10 


3 15 


1 12 


0 


10 . 


.2 


10 


2 12 


2 9 


0 


12 


3 


15 




1 12 













'* QUESTIONS 

1. % Which group did beqt? 

2. How can you tell? 

3. What were the things that your group aid that 
helped you most? 

4. What were the things that helped you least? 

< 

The children met in their groups to discuss the data, 
the questions, and the relationship of each to the cl^ss j 
challenge, ,r What would be the best way for us to learn about 
percentage? 11 Midway through the session we reassembled to* 
share our observations. I asked the children why they had 
taken a pretest at the beginning of their investigations. 
Some students felt it had been done to help determine the 
best possible groups. After some discussion, the children 
remembered" that the pretest had been intended to help de- 
termine the amount of progress made by eacB student and 
consequently by each group* 

I then directed the children f s attention to the first 
question, lr Which group did best? 11 Several students sug- , 
gested' adding the number of correct answers within each 
group 6n the posttest and comparing the totals Many stu- 
dents felt that the pretest scores should also be included v 

l'Jo 



in the evaluatipn. One student's idea was accepted, by the 
class: we would de\ermiiie the average gain between the 
pretests 'and posttests of each group, and then compare them. 
The children completed tfhe calculations (see below) „ and 
before yi adjourned, I asked them to think about the re- 
sults — what conclusions, could be npde^&rid what factors might, 
thave influence&-*he outcome?* ) o 

• „ , ' . i % i 4 > / ' 

0 AVERAGE »GAIN — PftETEST VS. POSTTEST , -J 

Centers .10o 

[ Games 11 

'Tapes' and * . . 9* 1/2 . ^ - 

. • < N ; Films * ' - } > c ; 

Business * 11* ^ 

During the next session the class cqqeiiiered whether the 
investigations^ had answered our original* question about way^_ 
to^ learn percentage.** We talked about^several factors that * 
might have , affected the outcome, including Attendance, amount 
of work completed j and quality of materials used, the con- 
sensus of the "class was that. 'the' different factors balanced^ 
each other, resulting in an effective experiment.*** 1 

'The discussion* continued to f ocuk. on variables affecting v 
the test results^ rather than on whether the differences in 
the gains were significant. I referred the c^ask t$ our , 
data and asked thf children Aether they felt that the^ 
scores justified otlr conclusion that learning about percent^ 
age. through business (practical application) was the best 
way. Most of this students >felt that our conclusion was jus-? 
tified/ ■ • * > u : \ ; " 



*If the groups Were picked by "random selection, t;he class 
migfet take a^second)posttest. The gains of the groups ^ 
could be shown to be significantly .dffferent if the 
groups 1 gains^onthe second pdsttest were \n 'ifils same 
order as on the first postt^stTr^D.^ *^ - ' - 

**The children might discuss the reason fos-ll^ejiraing .per- 
centage and x determine what questibns on thfe tests were 
related to this reason. An item^by-item analysis, might J 
then be car^riecl out to N see wlfether any group learned 
these questions better than the pther groups.— ED. 

***The students might check the average student hours spent 
by each group on their wo£k.~ ED, 



Before the session ^nded the class discussed changes they 
would make in later inVefitigatic^s. ^ They suggested that ac- 
curate attendance records be kept,, in addition to a log and 
\ check sheet to be sure that eich student took both the pre- 
test and posttest. 1 * I atijkeclJ/lor a' hand vote on the following 
questions: - 



r Per Cant Teat 

, , (2 Months Later) 

Change to fraction*: v * 

IU 132.(2), 232 (3) 52* M 32 (5) 1* 

Change to dcciaala: * * 

(1) 14f Xl\ 2SX (3) 32 (4) w 5^<5) 452 

Change to per cent: » 

(1) 2 (2) .14 (3) .05 (4) 4 (5) .35 
100 5 

folvo:' ^ • ' ' 1 

<1) 152 of 35 

(2) 255; of 12 

(3) 422 of $16.32 

(4) 15 ir_2 of 60 
<5>*0 1« _J of 50 

<6) Paul bought a $50 baaketball goal at a 102 

discount. How auch did he aavc? 
(7) John aold ktagazirfes for a 152 coonltvsion. * 
v If he aold $4pp worth of «ugazinea» how auch 
, did ho luke? 



% Figuj* C5-5 



Do you think tHkt learning about percentage 
in business? is \the best way to learn about 
percentage? 



Yes 14 



No 3 



2. Did our experiment answer this questions? 

.^e s 13 , \ N o 4 

3. Did you like the study we did? 
* Yes 16 No . 1 * 



Two mdnths later when we were reviewing all the math 
topics studied during the year, we again discussed our Ways 
to £earn/Teach challenge* We went over the measuring of 
percentage, changing percentages to decimals and fractions, 
and solving different" types of 'percentage problems, I 
asked the students Aow they 'thought they would dp if I gave 
them another test on percentage — whether the results, for 4 the 
four groups would be the same as on the posttest. I sugr 
gested. that they take a re/tention test to measure how much 
^they remembered about percentage, and the students agreed it 
was an interesting idea. That afternoon they tooH the test 
shown in Figure C5-5. ^ y 

Before the next session I gradedthe retention tests and 
put the raw scores on the board. 

SCORES . 



Learning 
Centers 



Prejfest * Posttest Retention test 

\ 



ii 

14 
12 
9 



12 
13 
12 
13 



Games 


5 


13 


17 




0 


14 


7* 




0 


10 • 


10 




- 0 


12 


10 




2 


12 






2 


• 10 


12 




2 


10 


10 


- 


3 


15 


13 


Business 


0 


•11 


16 




3 


15 


21 


*. 


2 


12 


' 14 



After the'class had arrived and examined the data, I 
asked vhich group had the best retention of percentage after 
two mpnths. One student observed that all members of the 
Business Grou&had, improved their scores whereas some mem- 
bers of other\apo\ips had lost points* At one student f s 
suggestion, we Repeated, our method of finding the average 
group gains fromNpretest to posttest. The children calcu- 
lated the averaged for the retention test and then compared 
them to the post/est. *» 

>* 

Pdsttest Retention Test 

Learning Centers 10 10 4/5 

Games 11 9 3/4* 

business 11 15 1/3 

Tapes & Films , 9 1/2 9 3/4 

Together we analyzed the data, noting that the Games and 
Business ^Groups had equal averages from the pretest to post- 
test bift that the Business Group had^S" significant increase 
in the average from pretest to retention test. Members of 
the business Group attributed their retention to the fact 
that they had really enjoyed their method of learning "per- 
centage and therefore had remembered what they had learned. 

My students showed a parked improvement in their behavior 
both during and after their work on the Ways to Learn/Teach 



v> 

*The students might look at the results to spot any possible 
errors in grading. It seems unlikely that one student ik * 
the Games Group would drop 50% when the others either 
gained or dropped only slightly^--ED. ( * 



10 



8 



challenge. Their interest was high throughout their inves- 
tigations, and their ability to reason improved. After com- 
pletion of the challenge-related activities, they gave more 
thought to wh£t and how they learned } and several students 
began to comment on methods we later used in our class.* 

» 



e 




AW 



*The students might discuss whether certain individuals 
might learn better using one of the ways. The tiass might 
decide to, choose another topic for investigation and coih- 
pare individual as well as group results. — ED, r 
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1. LISTS OF "HOW TO" SERIES 



GRAPHING 



PROBABILITY AND STATISTICS 



RATIOS^, PROPORTIONS, AND SCALING 



* 

■ The USMES "How To" Series are written resources that help 
children learn skills they need to solve real problems 
.(e.g., designing an opinion survey, drawing various types 
of graph) . > 



r. 



'HOW TO" CARDS 



Below are listed-the turrent "How To" Card titles that 
students working on the Ways to Learn'/l^ach challenge ma/, 
find useful. A complete listing of both^the "How To" Cards 
and the Design Lab "How To" Cards is contairfed in the USMES 
Guide, In addition, the Design Lab Manual contains the list 
of Design Lab "How To" Cards. 



GR 
GR 



y 



GR 4 



GR 5 
GR 
PS 

PS 3 
PS 4 
PS 5 



How to Make a Bar Gtapti Picture of Your Data 
How to Show the Differences in Many Measurements of 
the Same Thing by Making a Histogram * 
How to Decide Whether to Make a Bar Graph Pfcture or 
a Lin^Graph Picture of You* Data 

Hoy to Find Out If There Is Any Relationship Between 
TVo Things by Making a Scatter Graph * * 

7^ How to Show Several Sets of Data on One Graph 

2 How to Record Data by "Dallying 

3 How to Describe Youir Set of Data by Finding the 
Average 

How to Describe Your Set of Lata by Using the Middle 
Piece (Median)** 

How to Find the Median of a Set of Data from a 
Histogram 



R 1 



How to CompaJk Fractions or Ratios by Making a* \r 
Triangle Diafcran* ^ * 



i 



■*Now called slope diagram • ]*" 



BEGINNING "HOW TO" SERIES 



The cartoon-style format of this series helps( younger 
children and those with reading difficulties acquire the 
skills and knowledge they may need during work on Ways 
to Learn/Teach. r 



COLLECTING DATA 



GRAPHING 



SIMPLIFYING DATA 



"How To" Record Data « 
"How 'To" Do an Experiment 
"How To" Make an Opinion* Survey 
'jHow To" Choose a Sample 

"How To" Choose Which Graph tp Make 



"How To" Make a 
"How To" Make a 
"How To* Make a 
"How To" Make a 
"Ho*; To" Make a 



Bar Graph 

B*r Graph Histogram 
Line Chrfrt 
Scatter Graph 
Slope Diagram 



"How To"' Find the Median 
"How To" Find the Average 



T 
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INTERMEDIATE ?, HOW TO" SERIES 

This booklet-style series covers in more det^l essen- 
tially the same information as the Beginning "How To" Series 
with a few booklets on additional skills* This series re- 
quires a greater* reading skill and gives students a chance 
to read something they have a need to read. Those pertinent 
to Ways to Learn^Teach are listed below. 



COLLECTING DATA 



GRAPHING t 



SIMPLIFYING DATA 



c- 



now 


xo 


uoiiecc booa Data 1 




now 


XO 


Record Data 




how 


xo 


Do ati Experiment 




MOW 


XO 


Make an Opinion Survey 




"How 


To" 


Choose a Sample • 




!r How 


To" 


Choose Which Graph to Make 




"How 


To" 


Make a Bar Graph 




"How 


To" 


Make a Histogram * 




"How 


To" 


Use Graphs to. Compare Two Sets 


of Data 


"How 


To" 


Tell What Your Data Show 




"How 


To" 


Find the Median v 




"How 


To" 


Find the Mean fc ' j 




"How 


To" 


Find the Mode • J 




"How 


To" 


Find Different Kinds of Range/ 




"How 


To" 


Use Key Numbers To Compare Two 


Sets of Data 



r 
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LIST OF BACKGROUND PAPERS As students work on USpS challenges, teachers may need 

background information that is not readily accessible else- 
0 ' where* The Background Papers fulfill this need and often 

include descriptions of activities and investigations that 
students might carry* out, V 

Below are listed titles of current Background Papers 
that teachers may find pertinent to Ways to Learn/Teach. 
The papers are grouped in categories shown, but in some 
cases- the categories overlap. For example, some .papers 
about graphing also deal with probability and 1 statistics. 
_ The Background Papers are being revised, reorganized, and 

rewritten. As a result, many of the titles will change. 



GRAPHING 



GR 4 Representing Several Sets of Data on One Graph by 
Betty Beck 

GR 6 Using Scatter Graphs to Spot Trends by Earle Lomon 
GR 7 Data Gathering and Generating Graphs at the Same Time 

(or Stack *Em <ahd Graph *Em at One Fell Swoop!) by 

Edward Liddle 



GROUP DYNAMICS 



GD 2 A Voting Procedure Comparison That May Arise in USMES 
Activities by Earle Lomon 



PROBABILITY AND STATISTICS 



PS 4 Design of Surveys and Samples by Susan J. Devlin and 
Anne E. Freeny 

PS 5 Examining One and Two Sets of Data Part It A General 
Strategy and One-Saimple Methods by Lorraine Denby'and 
James Landwehr f 

PS 6 Examining One and Two Sets of Data Part II: a Graph- 
ical Method for Comparing Two Samples by Lorraine 
Denby and J&mes Landwehr 



RATIOS, PROPORTIONS, AND SCALING 



R 1 Graphic Comparison of Fractions by Merrill Goldberg 
R 2 Geometric Comparison ' of Ratios by Earle Lomon 
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BIBLIOGRAPHY OF NON-USMES MATERIALS The following books are references that may be of some 

use in teaching Ways to Learn/Teach. A list of references 
on general mathematics and science topics can be found iji 
the USMES Guide . 

* Elli^ Arthur, and Ryim, Frank, Instructional Implications 

o 1 of Inquiry. Englewood Cliffs: Prentiss Hall. 

- 1 . ' ' ! ~ 

Huff, Darrell. How to Lie with Statistics. New York: 
W.W. Norton and Company, 'inc. , l9$4.- 142 pages. 
. Vfritteri as a defense against the misuse of statistics, 
this book alerts the general public to the positive as 
well as the negative potential of statistics. 

Moroney, M.J. F$cts from Figures. Baltimore, Maryland: 
Penguin Books, Ltc, 1968. 472 pages. 7 * 
* v ^ . v ; ' A comprehensive introduction to statistics. 

* > * 

Ring* Arthur. Planning and PrQducing Handmade slides and 
* Filmstrips for the Classroom. Lear Siegler, inc., 
• Fearon Publishers (6 Davis Drive, Belmont, California 
' > 94002), 1974. 

Techniques fot making simple handmade slides and film- 
strips in the classroom without a camera, using in- 
expensive materials, such as .acetate film, Thermofax 
transparency. Master worksheets fo* l>oth slides and 
filmstrips included with advice for making presentations. 



4 



Slonim, Morris J. Sampling. New York: Simon and Schuster, 
1960. 144 pages. 

An * explanation of the basic principles involved in 
sampling and a discuasioii of the potential Values of 
sampling as an effective way of quickly obtaining 
reliable information.,- 

*Tanur, Judith M. et al. Statistics: A Guide to the Unknown. 
• Sat* Francisco: Holdem-Day, Jnc. 19.72. 430 pages. 

An exploration of ways that applied statistics .could- be 
/ introduced "into high school and college\ourricula. Much 

attention is given to dfscu^sing contributions ftf • ' ' # 

statistics to 4 our 'daily ^LiVes. 

■' ■ ." . -■■ ■■ • a 



Mos teller, Frederick et al., Statistics By Example. 

Reading, Massachusetts: Addison-Wesley Publishing" Co. , 
1973. > 

All four books in the series pl#ce a heavy emphasis on 
real problems with real data. 

Exploring Data — how to organize data; introduction of 
elementary probability where the ability tfb coUnt is a 
sufficient starting *point«. - - • • 

Weighing Chances — develops probability methods; intro- 
duces the idea of scatter and residuals to analyze data. 
Detecting Patterns — discuses standard statistical de- 
vices such as normal distribution, the chi-square test, 
regression 'methods. 

Finding Models — encourages^ the student to develop models 
. as structures* for data so that any departures from the 
models can be identified and new models cr.eated. 



s 



* 1 ! n 

* v> 



■ •/ • / . 

The following 'definitions may be helpful to, a teacher 
whose class is investigating a Ways to Learn/Tfeach challenge . 
Sojge of the words are included to give -the teacher an under- " 
standing of technical t£fms; others are included" because 
they are commonly used throughout the resource book. 
« These terms may be used when they are appropriate for 
• the children's work. For example, a teacher may pell the 
, children that when they conduct surveys, they are collect- 
ing data. It is not necessary for the teacher or students 
to learn the definitions nor to use all of the terns "while 
working on their challenge . Rather, the children will be- 
gin to use the words and understand the meanings as they 
become involved in their investigations. 



""■^Relating to both hearing ^nd sight. 



The numerical value obtained by dividing the sum of the 
elements of a set of data by the number of elements in that 
set. Also called the mean. v 

A deviation in the expected values of a set of* data, often 
occurring when some factor produces one outcome more fre- 
quently than others. m J- 

A change from \ one form to another. Qener ally associated in 
.'mathematics arid science' with" the change from one unit of 
measure # to another or the change from one form of energy to 
another. 



A relation between two sets of data. 

Any facts, quantitative information, or statistics. 

The spread of data over the range of possible results. 

A happening; an occurrence; something that takes place. 
Example: conducting a teaching lesson with kindergarten 
students. \ * 

The total number of times a certain event has occurred. 

A drawing or a pic.turfe of one or several sets of * data. 



Bar Graph 



Cumulative Distribution Graph 
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A graph of a set of measures or counts whose sizes are rep- 
resented by the vertical (or horizontal) lengths of bars 
of equal widths or lines. Example: average group scores 
on the pretest. 
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> GROU.P 

• 

A graph that can be constructed from a histogram by comput- 
ing running totals from the histogram data. The first run- 
ning total is 'the first value in the histogram data (see 
table of values). The second running total is the sum of 
the first and second values of the histogram, the third i§ 
the sum of the first, second,- and third valued, and so on.. 
The^horizontal scale on the graph is similar to that of the 
histogram; the vertical scale goeffrom ti to the total num- 
ber of events observe^ or. samples taken (in the example,* the 
total number of students who made certain scores on a tfest) . 
Each vertical distance on the graph . s shows the running total 
for the value shown on the horizontal scalfe; thus the graph 
below indicates that 4 23 students (or about 77% of .the stu- 
dents) had test' scores of 60% or less. 
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PERCENTAGES 



A type of bar graph that shows the distribution of the num- 
ber of times that different measures or counts of the same 
event have occurred'. A histogran^always shows numerical 
data oh the horizontal axis. Example: the number of stu- 
- *\ dents who scored in different percentage ranges on a test. 
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A bar graph that is ^presented by circles, triangles,, or 
crosses with lines connecting them so that it has the ap- 
pearance of a line graph. (See Line Graph.) This is a 
useful representation when two or ^nore sets, of data are 
shown on the same graph, ^xample: test averages for^ttfree 
different learning methods. , 
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Line- Graph 



0-0 Graph 



Scatter 



Craph 



A graph in which a smooth line o^r line -segments pass through 
or ne6r points' representing members of a set of .data. . S>inee 
the line represents an infinity of points, the variable* on 
the horizontal axis must be continuous. If* the spac.es be- f 
tweefi the markings ori the horizontal axis liave^no meaning, 
teften the graph is not a line graph, but a line chart (see , 
line Chart) . • 
t ' ^ * rx * 

. A' graph that shows the comparison between the same type, of 
data collected from two groups of, people or from tiwo^tiif- 
ferent situations. Example: average. points gained by mem-v 
bers of two groups learning w J. tit different methods. The ' 

/ data for each set is ordered and the smallest measurement 
of ojie set/plotted against the smallest of tSWVther set, 
the second* smallest against the second smallest, etc. * The 
scatter of points is conJfcared to a reference line, a dashed 
45 line that reptesent^s data from two identical sets. 
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A' graph" showing a" scatter of pointfs, each of which repre- 
, ifents two ciiaracteristics of" the same thing. For example, 
ift the graph below, the position <>f each point indicates 
the number, of times spelling wordi were practiced and the 
student's score on the. spelling tist. 
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Scatter Graph (cent.) 
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Slope Diagram* 



r 




s 



\ r- 



A graphical means of comparing fractions or jratios. To 
represent the ratio a/b, plot the point (b,a) and draw a 
line from (b,a) to the ojigifrj* (0 ? 0) . The slope of this ' , 
line represents thepaffo a/b'. By comparing slopes of dif- 
ferent lines, different* ratios can be compared; the steeper 
the line, the larger the ratio. For example, in the diagram 
below, shewing the ratio of the. .total group score on a *t$st 
to the number of group members, the ratio of score to number, 
of members for Group B is. less than that for Group A or 
Group G; therefore, Group B has the highest group average. 
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See Graph. 



A tentative conclusion made in order to test its implica- 
tions or consequences* » 

'An#assumption derived from facts or information considered 
to be valid and , accurate. 



^Formerly called Triangle Diagram. 



See Average. 



The middle value of a set of data in which the elements have 
been ordered from smallest to largest. The median value has 
as many elements above it as below it. 

The element or elements in a set of data that occur most 
often. 

A set of data arranged from smallest to largest. 

Literally per hundred. A ratio in which the denominator is 
always 10O, e.g., 72 percent - 72/100 = 0.72 = 72Z , where 
the symbol X represents 1/100. 

A part of a whole expressed in hundredths. m % - 

Any group of objects (e.g., people) or events f^om which 
samples "are taken for statistical measurement. 

The likelihood or chance (expressed numerically) of one 
event occurring out- of several possible events. 

A statement of equality of twa ratios, f.e., the first term 
divided by the second term equals .the third term divided by 
the fourth term, e.g., 5/10 « 1/2/ Also* a synonym for 
ratio: wheh^two quantities are in direct proportion, their 
ratios are the same. 

The first quartile is the value, of the quarter-way piece of 
data in an ordered set of data. , 

The third quartile is the value of the three-quarter-way 
piece of data in an otdered set. of data. 

-The range or lengtjh of the middle 50% or an ordered set o*f . 
data; the difference between the first and third quartile. 

,The difference between- the smallest and the largest values 
in a set of data* • ' 

To order the members of a set according to some criterion, 
such as size oxwimportance* Example: to put pieces of 
data from smallest to largest. 



Ratio 



Sample 

i • 

Sample size 

Set 

• Set Theory 

Slope Diagram, 
Statistics 

-Tally 



The quotient of m two denominate numbers or values indicating 
the relationship in quantity, size, or amount between^ two 
different things. For example, the ratio of the number of 
children who made a certain score on a pretest to the total 
number of children who took the test might be 5/26 or 5:26. 

A representative fraction of a population studied to gain 
information about the whole population. 



The nuinber of elements in a sample. 




A collectio! 
thing in a se 



cteristics, persons, or objects. Each 
all,ed a member or an element-. 



The branch-©** mathematics that deals with the nature and 
relations of sets. 

See Graph. 

The science of drawing conclusions or making predictions 
using a collection, of quantitative data. 

A visible record used to Tceep a count of some data, espe- 
cially a record of -the number of times one qr more events 
occur. Example; a count of the number of different scores 
on a pretest* J 



Utilized in Ways to -Learn/Teach. 



The unique aspect of USMES is the degree to which it pro- 
vides experience in the process of solving real problems. 
Many would agree .that this aspect of learning is so impor- 
tant as to deserve a regular place in the school program 
even if it mekns decreasing to some extent the time spent 
in other important areas. Fortunately, real problem solving 
is also an effective way of learning many of the skills, 
processes, and concepts in a wide range of school subjects. 
On the following pages are five charts and an extensive, 
illustrative list of skills, processes, and areas of study 
that are utilized in USMES. The, charts rate Ways* to Learn/ 
Teach according to. its potential for learning in various 
- categories of each of five subject areas — real problem solv- 
v ~ ing, mathematics, science, social science, and „ language ax£s . 
The rating system is based oa the*amount that each skill, 
process, or atea of study within^the subject areas is used — 
extensive ^(1), moderate (2), some (3), little or no use (-) . 
(|he USMES Guide contains a chart that rates all USMES units 
in a similar x way . ) 

• "The chart for real" problem -solving presents the many as- 
pects of the problem^solving process that students generally 
usp while working on an, USMES challenge. A number of the* 
steps in the process are use/d many times and in different 
orders, and many of the steps can be performed concurrently 
by separate groups of students. Each aspect listed in the 
chart applies not only to the major problem stated in the 
unit challenge but also to many of the tasks each small 
group undertakes while working on a solution to the maj,or 
problem. Consequently-, USMES 1 students gain extensive exper- 
ience with the problem-solving process. 

The charts for mathematics, science, social science, and 
language arts identify the specific skills, processes, and 
areas of study that may" be learned by students as they re- 
spond to a Ways to Learn/Teach challenge and become involved 
with certain activities. Because the students initiate the/ ' 
.activities, it. is impossible to state unequivocally which 
activities will take place. It is possible, however, to 
document activities that have taken place in USMES classes 
and identify those skills and. processes that have been used 
. by the students. 

Knowing in advance which y skills and processes are likely 
to be utilized in Ways to Learn/Teach and knowing the extent' 
that they will be used, teachers can postpone the teaching 



of those skills in the traditional manner until later^ in 
the year. If the students have not learned them during 
their USMES activities by that time, they can study them in 
the usual way. Further, the charts enable a teacher to in- 
tegrate USMES more 'readily with other areas of classroom 
work. For example, teachers may teach fractions during math 
period when fractions are also being learned and' utilized in 
the students 1 USMES activities. Teachers who have used 
USMES for several successive years have found that students 
are more motivated to learn basic skills when they have de- 
termined a need for them in their USMES activities. During 
an USMES session the teacher may allow the students to 
learn the skills entirely on their own or from other stu- 
dents, or the" teacher may conduct a skill session as the 
need for a particular skill arises. 

Because different USMES units have differing emphases on^ 
the various aspects of problem solving and varying amounts 
of possible work in the various subject areas, teachers' each 
year might select several possible challenges, b^sed on 
their students 1 previous' work in USMES, for their class to 
consider. This choice should provide students with as ex- 
tensive a rangfc of problems and as wide a variety #of skills, 
processes, and areas of study as possible during their years 
in school. The .charts and lists on the following pages can 
also help teachers with this type of planning. 4 K 

Some USMES teachers have used X chart similar to the one 
given here for real problem, solving as a record-keeping tool 
noting each child's exposure to the various* aspects of the 
. process. Such a chart might be kept current by succeeding 
Iteachers and passed on, as part of a student's permanent 
record. Each year some attempt could be made to vary a stu- 
dent's learning not only by introducing different types of 
challenges but also by altering the'specific activities in 
which each student takes part. For example, children who 
have done mostly construction work in *one unit may be en-* 
couraged to take part in the data collection and data analy- 
sis in their next unit. 

Following the rating charts are* the lists of e&plicit ex- 
amples of real problem solving and other subject area slcills 
processes, and areas of study learned and utilized in Ways 
to Learn/Teach. Lilfe the charts, these lists are bas'ed on 
documentation of activities that have taken place in USMES 
classes* The greater detail of the lists allows teachers 
to see exactly how the various basic skills, proc6sses, and 
areas of study listed in the charts may arise in Ways to % 
Learn/Teach. " * 



The number of examples in the real problem solving list 
have been limited because the list itself would be unreason- 
ably long if all the eramples were listed for some of the 
categories. It should tffcso be noted that the example(s) in 
the first capegory—Ifexitifying aftd Defining Problems—have 
been limited to the major problem that is the focus of the 
unit. During the course of their work, the students will 
encounter 'and solve many other, secondary problems,, such as 
tke problem of how to display their data or how to draw a 
scale layout. 

Breaking down an interdisciplinary curriculum like USMES 
into its various subject area components is a difficult ahd 
highly inexact procedure* Within USMES the various subjects 
areas overlap significantly, and any subdivision must be to 
some extent arbitrary. For example, where does measuring 
as a mathematical skill end and measurement-ias a science or 
a social science process begin? How does one distinguish 
between the processes of real problem solving, of sicience, 
and of social science? Even within one subject are^i, the 
problem still remains — what is the difference between graph- 
ing as a skill and graphing as an area of study? This prob- 
lem has been partially solved by judicious choice* of ex- 
amples and extensive cross-referencing. 

. Because of this overlap of subject areas, there are 
clearly other outlines that are equally valid. The scheme 
presented here was developed with much care and thought by, 
members of the USMES staff with'help from others knowledge- 
able in the fields of mathematics, science, social science, 
and language arts. It represents one method of examining 
Comprehensively the scope of USMES and in no way denies the 
existence of othfer methods., 
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REAL PROBLEM SOLVING 



Identifying and defining problem. 

Deciding on information and investigations 
needed. 

Deterainitng^what needs to be done first, 
setting priorities'. 

Deciding on best ways to obtaitj information 
', needed, v . 

Working cooperatively in groups on tasks. 

Makii>g decision s^as" needed." 



Utilizing and appreciating ba.sic skills 
and processes. 

Carrying out data collection procedures — 
observing,, surveying, researching, 
measuring, classifying, experimenting, 
constructing* 

Asking questions, inferring-. 

T 

Distinguishing fact from opinion, relevant 
from irrelevant dat£, reliable frdm 
unreliable sources. 



( 



KEY: 1 * extensive use, 2 « moderate use, 3 «* 



some 



9 

ERIC 
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REAL PROBLEM SOLVING 



Overall 
Rating 



Evaluating procedures used for data 
collection and analysis. Detecting 
, flaws in process or errors in data. 

Organizing and processing data or informa- 
tion, 

» 

Analyzing and interpreting data or informa- 
tion 

Predicting, formulating hypotheses, sug- 
gesting possible solutions based on data 
collected. — - . — - - - - — 

Evaluating proposed solutions in terms of 

practicality, social values, efficacy, 
0 aesthetic values. 

Trying ou&various solutions and evaluating 
the results, testing hypotheses. ' 

Communicating and displaying data or 
information. 

Working to implement solution (s) chosen 
by the class. 

Making' generalizations that might hold true 
under similar circumstances; applying 
problem-solving process to pther real 
problems, *, 1 



M 



. 1 



, - = little ofjao use! 
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MATHEMATICS 



Overall 
Rating 



Basic Skills 



Classifying/Categorizing 
Counting 

Computation Using Operations 
Addition/Subtraction J. 
Multiplication/Division 
Fractions/Ratibs/Percentages 
Business and Consumer Mathematics/ 
Money and Finance 
Measuring 

Comparing : % , 

Estimating/Approximating/^ounding Off ^ 

Organizing Data 

Statistical Analysis 

Opinion Surveys /Sampling techniques 

Graphing 

Spatial Visualization/Geometry 



Areas of Study 



J 



Numeration Systems 

Nuriber Systems and Properties . * 

Denominate Numbers/Dimensions 

Scaling 

Symmetry/Similarity/Congruence 
Accuracy /Measurement Error/ 
, Estimation/Approximation 
Statistics/Random Processes/Probability 
Graphing/Functions 
Fraction/Ratio 
Maximum and Minimum Values 
Eguivalence/Inequality/Equations 
Money/Finance 
Set Theory 



■ m 130 
ERIC 



SCIENCE 


Overall 
'Ratine 


Processes 




Observing/Describing 


1 


Classifying 


1 


Identifying Variables 


1 


Defining Variables Operationally 


a 


Msuaipulating, Controlling Variables/ 
Experimenting * 




i 


Designing and Constructing Measuring 




Device^ and Equipment • 


3 


Inferring/Predicting/Formulating, 




Testing Hypotheses/Modeling 


1 


Measuring/Collecting, Recording Data 


1 " 


Organizing, Processing Data . , 


"1 *" 


Analyzing, Interpreting Data ; , 4 


1 


uommunica uing, uispxayiug watd 


1 


Generalizing/Applying Process to New 




it rouicuio « 


1 


a 

Areas of Study ^ 




Measurement j \ 
Motion 


3 , 


-I 


Force 


- 


Mechanical Work and Energy 


— 


Solids, Liquids, and Gases • * 


- 


Electricity 


— 


Heat . 


- 


Light' 


- 


Sound 


- 


Animal and Plant Classif ication 


- 


Ecology/ Environment 


- 


Nutrition/Growth 


— 


Genetics/Heredity/Propagation 




Animal and Plant 3Jetfavior * r 




Ana t omy / Phy s io 1 ogy 





T 



SOCIAL SCIENCE 



Observing^Describing/Classi&ing 
Identifying Problems, Variables 
Manipulating, Controlling Variables/ 

Experimenting 
Inferrifig/Predicting/Foraulating, # 

Testing Hypotheses 
Collecting, Recording Data/Measuring 
Organizing, Processing Data 
Analyzing, Interpreting Data 
Communicating, Displaying Data 
Generalizing/Applying Process to Daily Life 

Atti tudes/vkiuei ^ , ) 



/ 



Process 



Accepting responsibility for actions and 
results 

Developing interest and involvement in 

human affairs 
Recognizing the importance of individual 

and group contributions to society 
Developing inquisitiveness,* self-reliance, 

and initiative 
Recognizing the values of ^cooperation, 

group work, and division of labor 
Understanding modes of inquiry used in the 
sciences, appreciating their power and 
precision \ 1 

Respecting the views, thought, and 
feelings of others . v ^ 

Being open to new ideas and- information 
Learning - the importance and inflyence'of 
values in decision making 

Areas of Study 



. ERIC 



Anthropology 
Economics „ 

Geography /Physical; Environment ' 
Political Science/Government Systems 
tec en t Local History 
Social ^Psychology/individual and Group 
Behavior * " 

ciology/Social Systems , 
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LANGUAGE ARTS 



Overall 
Rating 



Basic Skills 



Reading J 
Literal Comprehension: Decoding Words 

Sentences, Paragraphs I 
Critical Reading: Comprehending 
Meanings, .Interpretation 
Oral Language 
Speaking 
Listening 
Memorizirfg 
Written Language 
Spelling 

Grammar: Punctuation," Syntax, Usa-ge 
Composition 
Study Skill? 

Outlining/Organizing 
Using Referenced and Resources * 

Attitudes/Values 



Appreciating the value of expressing ideal 

through, speaking and writing 
Appreciating the value of written J 
resources 

Developing an interest in reading and 
writing 

Making judgments concerning -what is read 
Appreciating the value' of different forms 
■of writing, different forms of 
communication 



2 

1 

1 
1 



1 
1 
1 

1 
2 



1 

2 

1 
1 



KEY: 1 = extensive use, 2 ■ moderate usfe, 
3'» some use, little or no use 



i 
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REAL PROBLEM SOLVING IN WAYS TO LEARN/TEACH 



• * 

Identifying and Defining Problems 



Deciding on Information Weeded 



^ Determining What Needs .to He 
, Done^Eirst r Setting Priorities . 



• Students identify the way they try to learn certain topics 

as a problem. 

• Students identify different ways to learn or to teach 

those topics. 

• See also SOCIAL SCIENCE list*: Identifying Problems, ' 

Variables* . , 

- \" 

• After a discussion students decide they need to collects 

data on ho** much they knew before studying and after c 
studying with different methods or in different 
environments. 

• -Students agree to conduct an opinion, sutvey on preferred 

learning methods or preferred leatning environments. 

• After analyzing pretest and posttest scores, students 

decide that /data, on retention would be helpful. 

' r 

• ^tudents select several learning methods and decide to 

~, take a pretest before dividing into groups to .use the 
different methods or diffa^ent environments. 

• Students decide that they have to learn about a topic 1 ^ 

before teaching it to others'. 



r 



Deciding on Best 9 Ways.!tO 'obtain. 
/ Information NBede4':> >f" , ''. M 



'■; ..fc 



, Working CooperativGiy.. in G&$ps 
on.TasTis \ . . > "V 4 " • ■ »' 



. r m Students decide that by wdrking in groups they can try 
' r oiitf several learning methods' qr Environments 



p • Students decide that a ptfetest and pdsttest will help * 
A .' , them compare different [learning methods pr environments, 
(\# Stjjidents decide that random selection, or using pretest < 
k V^: results will produce groups of approximately equal 
abilities. . 



Students form groups to prepare materials and to stray or 
teach the^topic using their selected methods or environ-, 
ments. • — 




Ihg Decisions,^ Needepi \ )^ 



• "jifclxdents decide to have each group use a different method 
,. # ' pt environment so that several learning situations can 

'•. be,compared at one tinje. * 

■. • — ' • * 

' 1 O r 



Jtoking Decisions as Needed (cont.) 



Utilizixtg and Appreciating 
Basic Skills and Processes 



Carrying 6yt Data Collection' 
Procedures — Opinion Surveying, 
Researching, .Measuring,, Classifying 
Experimenting, Constructing 



Asking Questions, Inferring 



• Students select the methods they will try by consensus or 

by a -hand votdfc 

• Students decida^hey will teach the topic to younger stu- 

dents.' y 

• Students define extent qf each group's activities, e.g., 

Book Group will not use any worksheets. 

• Students decide to repeat their experiment on the same 

learning methods to obtain more data. ' 



• Students add test scores and divide to find group averages. 

• Students draw graphs of test data. 

• Students look for factors that might affect the results of 

their learning experiment. 

• Students recognize that finding the best way to learn a 

topic can help other people besides themselves, namely, 
other classes with whom they share their findings and 
future students in their teacher's class. ■ 
.. • Students give oral presentations to other classes. *** 
,• See also MATHEMATICS, SCIENCE, SOCIAL SCIENCE, and 
LANGUAGE ARTS lfsts. 



• Students conduct .opinion surveys to/ find out the best- 
• liked learning methods. • { 

• Students look through library books f to find information 

about their topic. 

• Students collect data by taking or administering pretests . 

and posttests. 

• Students categorize items in their list of ways to learn 

' to narrow the number of methods. 

• See also MATHEMATICS list: Classifying/Categovizing; 

Measuring. 7 

• • See also SCIENCE list : Observing/Describing J Classifying; 
Manipulating, Controlling Variables/Experiibenting ; 
measuring/Collecting, Recording Data. 

• See also SOCIAL SCIENCE list: Observing/Describing; 

Classifying; Manipulating, Controlling Variables/ 
Experimenting; Collecting, Recording Data/Measuring. 



•Students ask whether one. learning method or environment' 
,ia better than another and they infer from collected 
data that one method or environment produces better 
results. 



Asking Questions, Inferring (cont.) 



\ 



• Students ask whether retention of learning is a. factor to 

be considered and they infer from their data that some 
methods of learning produce better retention than 
other methods, 

/• Students ask whether the same learning method is thejb^st 
one for everyone and they infer from their data that 
some people learn better with different techniques. ^ 

• See also SCIENCE list: ' In f erring /Predicting /Formulating, 

'Testing Hypotheses/Modeling. 

• See also SOCIAL SCIENCE list: Inferring/Predicting/ 

Formula ting * Testing Hypotheses . 



Distinguishing Fact from Opinion # 
ReXevant from Irrelevant Data, 
Reliable from Unreliable Sources 



• Students recognize the qualitative aspects of obtaining 

data from surveys as distinct from data they gather by 
measuring performance with different ways to learn. 

• Students recognize that using the median for group scores 

is not a good measure since it ignores very large or 
very small gains. 



Evaluating Procedures Used for Data 
Collection and-Analysis , Detecting 
Flaws in Process or Errors in Data 



Students discuss the manner in Hhich they made group 
jsete'ctlbns.and decide that a random selection or using 
pretest results to balance the groups would prpduce a 
fairer result. . , 

Students decide that total points gained by the groups 
will not result in a fair comparison when the groups 
have varying numbers of members. 

Students .decide thaT their opinion survey. needs improve- 
ment and tliey di&uss changes they can fake. 

Students decide to ksk the teacher to prepare the prfetest 
and posttest because they are learning geometry for the 
first t'ime. 

See .also MATHEMATICS list: Estimating/Approximating/ 
>, Rounding Off*, 



Organizing and Processing Data 



• Students organize their test data according to methods 

used and record it on charts and graphs, 
m Sfifi flliin MATHEMATICS list: Organizing Data. 



• See also SCIENCE and SOCIAL SCIENCE lists: 
Processing Data . 



Organizing, 
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Analyzing and Interpreting Data 



Predicting, Formulating Hypotheses, 
Suggesting Possible Solutions 
Baised on Data collected 



Evaluating Proposed Sqluticns in 
Terms of Practicality, Socik^ . '~\ 
Values, Efficacy/ Aesthetic\y&lues 



Trying Out Various Solutions an& 
Evaluating the Results, 
Testing Hypotheses 



UO 



• Students find the average gain of each group using a .dif- 

ferent way to learn or a different environment. 

• Younger students draw slope diagrams to compare the gains 

of the groups. 

• Older students find and' use the medians and middle ranges. 

to compare. the gains of the groups. 

• See also MATHEMATICS list: Comparing; Statistical 

Analysis; Opinion .Surveys/Sampling Techniques; 
Graphing; Maximum and Minimum Values. 

• See also SCIENCE and'-SOCIAL SCIENCE lists: Analyzing, 

Interpigting Data. 



• Students predict that the way to learn a certain topic 

that resulted in the greatest gain will produce better 
learning -than £he usual classroom procedure. 

• Students hypothesize that they will learn better when they 

use methods they like as indicated on opinion survey. 

• Students Suggest* that their most successful method be used 

as part of their regular math learning. 

• Students make suggestions about learning methods to other 

classes b^sed on their tesC results. 

• See also^SCIENCE list: inferring/Predicting/Formulating, 

Testing Hypotheses/Modeling. 

• See also SOCIAL SCIENCE' list: Inferring/Predicting/ 

Formulating, Testing Hypotheses. 



• Students discuss advantages and disadvantages of using 

their most successful learning techniques as Ipart of 
their regular math curriculum, a 

• Students discuss "how they liked using different methods 
. and whether one method is preferred over another.. 



• Students woipk in groups using different methods to learn 

or teaclPa new topic and compare the results. t • 

• Students change groups so that everyone can use another 

me 5 h ° d _ r nd , COmpare thfe gains of the se groups with the 
gains of che previous groups. 

• Students work in groups using the tnethods they like and 

^compare individual gains with gains using other methods, 

• See also SCIENCE list: Inferring/Predicting/Formxlating r 

Testing Hypotheses /Modeling. . . * 

• See also SOCIAL SCIENCE list: Inferring/Predicting/ 

Formulating, Testing Hypotheses. 
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Communicating and Displaying sflata 
of Information 



Working to Implement Solution^ 
Chosen by the Class 



( 

Making Generalizations That Mi^ght 
Hold True Under Similar circumstances 
Applying Problems-Solving Process to 
Other Real droblbms 



• Students use charts andSgraphs to display test data. 

• Students use lessons they have devised to teach certain 

topics to another class. 

• See also MATHEMATICS list: Graphing* 

• See also SCIENCE and SOCIAL SCIENCE lists: communicating, 

Displaying Data. 

• See. also LANGUAGE ARTS list. 

• Students discuss with the teacher how they can use the 

most successful learning methods in their regular class. 

• Students make a presentation of their findings to the 

principal and other classes to encourage the use of 
their most successful-ways to learnt 

• Students discuss^wlth the teacher how they can set up a 
r better environment for learning. 

• Students who have drawn graphs to display test data more 

readily draw^raphs in other instances, 
•. Students apply skills and processes they have learned to 
« resolve other classroom or school problems, 
See-also SCIENCE listr- Generalizing/Applying Process 
to Ne*r Problems* 

• See also SOCIAL SCIENCE list: Generalizing/Applying 

Process to Daily Life. 





Basic Skills . v 

Classifying/Categorizing 



Counting • 



Commutation Ufeing Operations : 
i Addition/Subtraction 



Computation .Us^Lng Operations: 
Multiplication/Division 



Computation Using Operations^ 
Fractions /Ratios/Percentages 



TO LEARN/TEACH UTILIZING MATHEMATICS 



• Categorizing characteristics of different ways to learn. 

• Categorizing characteristics of learning methods in more 

than one way. 

• Organizing and classifying sets of materials, activities* 

. or information. 

• See also SCIENCE list: Classifying, 

• See also SOCIAL SCIENCE list: Observing/Describing/ 

Classifying. 

• Counting votes to decide- which ways to leam/teach*will 

be used. 

• Counting survey or questionnaire data oh preferred learn- 

ing methods. ' * 5 

• Counting number of points scored by individual's and groups 

• Counting number of minutes allotted for a teaching session 

• Counting by sets to find a scale for grajjh' axes. 

• Ad^ng one-, two-, or three-digit whole numbers to find 

'total number of points gained by each group. 

• Adding minutes when 'timing length of learning period* 
,\# Subtracting to find differences between predicted and' 

' actual test scores. ^ - ' * 

• Subtracting to find difference between pretest and pbst- 

;test scores.. Im * 

• Subtracting one-, two-, or three-digit whole- numbers to 

find ranges for graph axes,, to compare setjs of test 
data. 

• Adding to find total tally of students. who received a 
\ particular test score'. 

• Dividing to calculate average test scor$ of each ^group* 

• Dividing to £otm groups with equal numbers of members. * 

• Dividing to calculate ratios* fractiona, or percentages. 
•Multiplying or dividing to find a scale for graph axes. 

• Using mixed numbers when calculating average group scores. 

• Changing fractions to higher or lower terms (equivalent 

fractions) to compare average group scored. > 



Computation Using Operations: . • Calculating ratios of number of correct answers to number 

Fractions/Ratios /Percentages (cont.) of test questions, percentage of correct answers. 

• Calculating percentage gain from pretest to posttest, per- 
centage of students who improved on the posttest. 



Measuring 



/ 

Comparing 



• \ 



Using Arbitrary units (e.g., lengths of string or standard 

units) to measure dimensions fof"*mater£als used in 

learning. > 
Using a calendar to time days for preparing materials and 

days for teaching; using a clock' to time length of test; 

using a stopwatch to time length of tape-recorded in- 9 

formation^ 

Reading stopwatches, clocks, rulers, meter sticks accu- 
rately.' I 

See also SCIENCE list: Measuring/Collecting, Recording 
Data. " ^ "» 

See also*SOCIAL SCIENCE list: Collecting, Recording 
Data /Mea suring . 



Using the concepts of greater than and less than in making 
comparisons of test dafa. ? "H^ 

Comparing quantitative data obtained from posttest and* 
pretest: 

Comparing data obtained from different groups. 

Comparing qdalitative data obtained from preference sur- 
vey on learning methods with quantitative data obtained 
from test scores. f 

Comparing predicted and actual performance by different f 
groups. 

Making graphic comparisons of test data. 
See also SCIENCE and SOCIAL SCIENCE lists: Analyzing, , 
Interpreting .Data . 



Estimating/Approximating/ 
Rounding Off 



Estimating number of students who will receive the same 
score on the retention test as on the posttest. , 

Determining when a measurement of the effectiveness of 
a learning method is likely to he accurate enough to 
show a, significant difference among methods. 



Organizing Data 



• Tallying votes on priorities. 

• Tallying survey or questionnaire data on preferred learn- 

ing methods f , K 



lor 



Organizing Data (cont.) 



Statistical Analysis 



Opinion Surveys/Sampling Techniques 



Tallying on bar graphs. or histograms. 

• Ordering real numbers on a number line or graph axis. 
5 • Ordering the steps in a process. 

• Ordering test data. 

• See also SCIENCE arid SOCIAL SCIENCE, lists: Organizing, 

Processing y Data . 



• Finding and comparing the average points gained or per- 

centage- gain of each group on the posttest and retention 

tesier 

• .Assessing* the predictability of a larger sample (e.g., 

the entire class, other classes) based, on results of- a 
' r small group of students. 

• Determining medians and middle ranges of data on test 
* score gains. 

• Determining whether theyJiif f erence between groups is sig- 

nificant by comparing medians of test score gains .with 
largest middle range. \ v. "'Vt 

• Compiling quantitative data obtained fron^. repeated ex- 

periments. 1 

• See also SCIENCE and SOCIAL^ SCIENCE gists': Analyzing* 

. Interpreting Data. . ^ : 



• Conducting surveys on preferred ways to le^rn; defining 

data collection^methods and the makeup arid size of the 
sample. *■ 

• Revising methods of obtaining quantitative information 

about subjective opinions regarding ways to learn. 

• Evaluating r survey methodology,' data obtained, 'and the Size 

and type of samples. n . » 

• See also SCIENCE and SOCIA& SCIENCE lists: Analyzing, 

% Interpreting Data . 



Graphing 



• Using alternative methods of displaying data, e.g., charts, 

graphs. jo// 

• Making a^ graph form—dividing axes into pkrts and^deciding 

on an appropriate scale. * • 

• Representing data o^graphs. 1 I . v 1 

• B*r graph— average group scores *Qri pretest. 

• Cumulative distribution graph — number of, atudenti wfeb 
scored ; in a certain percentage range -or less on a t«st. 

• Histogram— number of students yho scored' in dif fcirent 
percentage ranges oif attest; s 1 < 



ft 



• 



b^ ra $* ng .^? on ?P \ j" \ r * Urir chatt-^grou^' average? on pretest, posttest, and 

VY : " ' | •.• -V' \\- r '.v retention test. * . 

#: ^> s C . ') s" • "*Hl graph—average" mijpber of /points gained by students 

• ♦ • •: °- v . '** \ 'y ; \* ttsing two different learning methods. 

- V*i i ^ * ;• Scatter graph— ntiiniter of times spelling word is prac- 

■v.: - \i' x \ \ tic etf; vs. student ^^?e oti '^f^li^g' test, - 
v : ' * * • -Slope 1 5^agrai|^numb^ compared to 

^ V ' - total points gained by^if fe'ifent^group^. 

* " v ' ' * • ^ - ^ ' • Ob taining inf ornva ti^n, om-.graphs.. , 

_ • See also SCIEftGE and^.OBIAL SCIENCE lists i Communicating, 
. Displaying dcutiu.. *\»vv- . 'V : * * 



<• ♦ . A -f . t \' . V . . 

7r .** ; • 



Sl*tial Vi^liz^^/G^petry > ;> Using;. geometric; figu^^f or! example/ triangles, circles— 
• . \ t0 construct' ^'that^rialsifor 'learning,::. ^ 

t; .- if 0 m 5yV , • Mi^a^uring and e^ijb^p ting.. alph& jet letters from Tri-Wall, 

v>>\.^ ' ,; T:'/. '^iisUdg rulers* cdmpas'sesi- ^Qd prbtractors. - S> 

.-•J* Usi%^pa^'ai\^arrangements fii dfefiigning worksheets, , 



•Areas of 5t^y 



^N^' 7 Usi'ft^patiai\'arran^B^nts fix dfefiigi 

' N \ ' :+\ ' 'V'.-V ^vVS" 'V'Mf .- V " %: .:.v ' 




^^Sj^^i^Ote % .Pro^eyties ^- # • See ; CtompR^&n l/sii^ Operations 

^ 



? ^titH'^^ndofc;pfcicM^8/ *v. % ; pep. £tatis&ca.i; Analysis. 

-.'i • •• f v U: . •• ■ . ■ / - 




Fraction/Ratio 



• See Computation Using Operations: Fractions /Ratios/ 
Percentages. 



Maximum and Minimum Values 



EquivabM^ce/lneqi^ility/Equations 




• Using slope diagrams to find highest group average gain. 

• Finding the learning method that produces maximum results 



• See Comparing and Computation Using Operations. 



See Classifying/Categorizing. 
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ACTIVITIES IN WAYS, TO LEARN/TEA&Z UTILIZING SCIENCE 



Process 

Observing/Describing 



• Observing that some students- learn a certain topic more 

quickly an<f easily than others • 

• See also SOCIAL SCIENCE list: Observing/Describing/ 

Classifying. 



Classifying 



• Classifying different methods of" learning according to 

materials used* 

• See also MATHEMATICS list: Classifying/Categorizing. 

• See also SOCIAL SCIENCE list: Observing/Describing/ 

Classifying. 



Identifying Variables 



Identifying learning method used as the variable to be 

changed in ail experiment assessing different methods, 
Identiyfing length of time, surroundings, and age and^ 

learning ability of . students as variables to be con- 

trolled, jn the experiment. 
Identifying amount learned using different methods as the 

variable to be measured. 
See also SOCIAL SCIENCE list: Identifying Problems, 

Variables. - - — 



Defining Variables Operationally 



. • Defining learning ability as previous grade in subject or 

the score attained on a ^pretest. ^ 
• Defining amount learned as* difference between pretest and 
post test scores. 



Manipulating, Controlling 
Vaxiab les /Experimenting 



• Designing and conducting an experiment to determine which 

p method of learning a certain topic is best for tKe class 
.as a whole. 

• Setting up groups of students' to use different methods to. 
- J -' learn a certain topic, 

• Keeping the average learning ability of the groups using 

the different methods the same (or as tiearly the same 
as possible) . 

• Keeping the amount of time spent learning by the different 

methods the same* 



Conducting other experiments to determine phe amount of 
retention according to different learning methods, to 
determine best methods for different individuals, and 
to determine the effect o^noisjr surroundings on 
learning, ^ 

Controlling all factors except the one being assessed in 
these experiments* . 

See also SOCIAL SCIENCE list: Manipulating, Contrplling 
* Variables/Experimenting . 



Constructing devicfes needed for learning a certain topic. 

Inferring from dita that a certain method of learning is 
better t han o ther & for the whole class ♦ 

Predicting^that noisy surroundings inhibit learning. 
Testing prediction by designing .and conducting an ex- 
periment. . * 

Hypothesizing that the best method for one class will be__ 
the best method for other classes. Testing hypothesis 
by. repeating .experiment in . the other class. 

Simulating learning activity when trying out materials. 

See also SOCIAL SCIENCE list: Inferring/Predicting/ 
Formulating, Testing Hypotheses. 



Conducting pretests, posttests, and retention tests on 
topic -being learned by different methods or in different 
surroundings. 

Measuring and recording length of time each group spends * 

on learning the topic. 
Measuring and recording the sound level intensity of the 

learning ' environment . 
See also MATHEMATICS* list: Measuring. 
See also SOCIAL SCIENCE list: Organizing, Processing 
Jtota. ^ 

Using pretest sdbres to set up equal groups to use dif- 
' feretit learning methods. 

Calculating the differences between pretest and posttest 
scores, between posttest .and retention test scores.. 

Ordering the differences in scores from smallest to 
largest. 
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Organizing, Processing Data (corit.), 



Analyzing/Interpreting 




Communicating, Displaying Data 



Generalising/Applying Process to 
New, Problems 

Areas of Study , 
Measurement 

Sound 



See also MATHEMATICS list: Measuring. 

See also SOCIAL SCIENCE list: Organizing, Processing 

^ Data. , « 

Finding the average amount learned "for each group. 
Comparing thefee averages to determine which method is 
best*. 

Finding the median and middle r&nge of the amount learned 
for each group. Comparing the difference £n medians 
with the largest v middle range to determine whether the 
differences among the groups are significant. \ 

See also MATHEMATICS list: Comparing; Statistical 

Analysis; Opinion Surveys/Sampling Techniques; Graphing. 

See also SOCIAL SCIENCE list: Analyzing, Interpreting 
Data . 



Showing data on charts and graphs. 
See also MATHEMATICS list: Graphing. 

See a^so SOCIAL SCIENCE list: Communicating, Displaying 
Data. 

See also LANGUAGE ARTS list. 



Applying skills learned in designing experiments to other 
experiments. - ^ , 

Using knowledge about noi^e. level measurements to help 
solve other noise problems. 

See *lso SOCIAL SCIENCE list: Generalizing/ Applying 
Process to, Daily Lifei 



Measuring sound levels using Commercial instruments. 
Using timing devices to measure time spent on learning a 

certain, topic , 
Designing and constructing measuring devices as needed in 

learning a* topic. , 

^Observinfe that sounds differ in tone, pitch, and loudness. 
Observing that noise levels are lower when curtains or 

acoustical barriers are used to absorb the sound. 
Observing that a sound becomes less intense as it moves 
k away from its source* * ( 



Observing that sound readily travels around objects,. 

Observing that different materials absorb sound to dif- 
ferent degrees. Solid, dense materials tend to transmit 
sound well. Soft or- 'porous materials tend to make better 
soundproofing because they absorb sound. 
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ACTIVITIES IN WAYS TO LEARN/TEACH UTILIZING SOCIAL SCIENCE 



Process 

Observing/Describing/Classifying 



Identifying Problems/Variables 



Manipulating, Controlling Variables/ 
Experimenting- 



• Organizing and classifying s6ts of ideas or information, 

• Classifying different ways to learn a certain tqpic. 

• Observing and describing reactions of other students when 

they are taught by different methods or in different 
environments. 

• Classifying and describing items to be included on the 

pretest, posttest, retention test. 

• See also MATHEMATICS list: Classifying/Categorizing. 

• See also SCIENCE list: Observing/Describing; Classifying. 

\ 

• Identifying problems of regular learning procedures. 

• Identifying possibility that .smarter students may all 

choose tq work in the same group and therefore affect 
the average scores of the groups. 

• Identifying fact that a student's performance may vary 

depending on the learning method that is used for that 
J individual* 

Identifying possibility that the best methods to .use in 
learning one subject may not be the t^est for learning 
another subject. 

• See also SCIENCE list: Identifying Variables.^ 

• Devising tests to measure how much progress is made with 

different ways ttf learn a certain topic. 

• Devising tests to determine, how much is learned in dif- 

ferent environments. 

• Asking another class to be the control group and learn 

the same topic according to the usual classroom pro- 
cedure. 

• Establishing a random selection procedure for selection 

.of group members.- 
•Using pretest scores for selection of group members. 

• Repeating the experiment with students trying out. another 

method' ot aipthei environment. - 

• Repeating the experiment, using the same methods or same 

environment to ^learn another subject. 

• See also SCIENCE list: Manipulating, Controlling 

• Variabl es/Experimen ting. 
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Inferring/Predicting/Formulating, 
Testing Hypotheses 



t 



.Predicting that one method or environment will produce 

more learning thai} other methods. \ 
Inferring from survey and test data that most learning 

occurs when students use the methods they like best. 
Hypothesizing that a certain method will produce better 

retent-ton than other methods; giving another test after 

a perioa of time and comparing results. 
See also SCIENCE list: Inferring/Predicting/Formulating, 

Testing Hypotheses. / 



Collecting, Recording Data/ 
Measuring 



• Using a voting procedure to determine the ways of learn- 

ing that are preferred by most students* 

• Conducting pretests and posttests on topic learned. 

• Counting number of worksheets or other materials they 

will need. 

• Conductitffe a second post£est to find whether the best 

learning method also produces the best retention. 

• See also MATHEMATICS list: Measuring. 

• See also SCIENCE list: Measuring /Collecting , Recording 

Data. 



Organizing, Processing Data 



• Tallying votes to select learning methods for their ex- 

periment.! 

• Tallying survey or' questionnaire data on preferred ways 

to learny 

• See also MATHEMATICS list: Organizing Data. 

. • See also J>CIENCE list: Organizing, Processing Data. 



Analyzing, Interpreting Data 



Comparing qualitative data gathered from surveys with 

quantitative data obtained from tests. 
Evaluating survey methodology. 
Evaluating results of group scores. 

Comparing each person Y s performance for several methods. 
See also MATHEMATICS" list: Comparing, Statistical 

Analysis, Opinion Surveys /Sampling Techniques. 
Sae also SCIENCE list: Analyzing, Interpreting Data. 



Communicating, Displaying Data 



eric 



Representing survey data on bar graphs or charts. 
Making graphs or charts that can be easily understood by 

thfe intended audience. 
See also MATHEMATICS list: Graphing. 
See also SCIENCE list: Communicating, Displaying Data. 
See also LANGUAGE' ^RTS list. * 
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Generalizing/Applying Process to 
Bally Uf e 

) 



Atti tudes/Val ues~ 



Accepting Responsibility for Actions 
and Results 



"1 

Developing Interest and Involvement 
in Human Affairs 



Recognizing the Importance of 
Individual and Group Contributions 
to Society 



4 

Developing Inquisitiveness, Self- 
Reliance, and Initiative 



A / 

Using knowledge acquired f roin taki ig surveys about^fre- 

ferrdd learning methods to help jolve other problems 

where attitudes are important.. 
Using knowledge acquired from findfing the best way to 

learn a certain topic to find the best way to learn 

another subject. 
See also SCIENCE list: Generalizing/Applying process to 

tfev Problems. * 



• Making sure that various tasks are done, e.g., completing 

learning materials by designated deadline. 

• Scheduling times to teach another class. ) 

• Scheduling and giving presentations to persons- in author- 

ity — for example, the principal and other teachers — to 
encourage the use of the best method to learn a certain , 
topic. 



• Promoting changes in their usual methods of learning. 

• Encouraging other classes to use their suggested methods 

of learning. 



• Recognizing that improving ways to learn a topic will help 

not only thetaselyes but also other v classes wjio use the 
techniques and future students in their 'tea/her f s class. 

• Recognizing that they can improve procedures their 

classroom, & 

• Assessing the effects of group action on Jtoftming pro- 

cedures in the school. 

♦ 

Conducting group sessions with help from the teacher. 
Finding solutions to problems encountered in addition to 

the main problem of the* challenge. 
Finding the learning method that w^orks best for each 

student. * * 

Choditng and developing the best way of presenting a new 
* topic toother students. • 

Choosing ^and developing the best way of presenting their 
teaching plans to another teacher. 
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Recognizing the Values of Cooperation, 
Group Work, and Division of Labor 


• 

• 
• 


Finding that work on determining the best way to learn or 
to teach a. topic progresses more rapidly and smoothly 
when they work in groups* 

Eliminating needless pverlap in work* 

Finding that work is more fun and- proceeds more smoothly 
when people cooperate. 


y Understanding Modes of Jnquiry Used 
itt/xhe Sciences, Appreciating Their 
.^ower and Precision 


• 
• 

* 


Using scientific modes of inquiry to investigate and de- 
termine the best way to learn or to teach a topic. 

Using data, graphs, and other supportive material to. 
convinc.e other people that their proposed way to learn 
is a good one* v 

See also MATHEMATICS and SCIENCE lists. 


Respecting the Views, Thoughts, 
and Feelings of Others 
i 


• 
• 

• 


Considering all suggestions and assessing their merits. 

Considering the opinions of others when proposing a 
change in the usual learning methods used in class; 
conducting an opinion survey to determine preferred 
ways to' learn a certain topic. 

Respecting the thoughts, interests, and feelings of mem- 
bers of the opposite sex when working in groups. 


r " - 

Being Open to New Ideas and 
Information | 


• 
• 

• 


* 

Considering alternative ways of performing various tasks. . 
Conducting library research to find information related 

to the topic to be learned /taught • 
Asking other people for opinions, ideas, and information. 


Learning the Importance and 
Influence of ValiMs in Decision 
Making 


• 


m 

Recognizing that preferences for different learning 
techniques reflect the values of each individual. 


\ 

Areas of Study ^ 






Political Science /Government Systems 


• 
• 


Establishing rules for conduct when new ways *to learn 

fere being taught to other students* 
Getting in touch with and working with school principal 

and teachers to obtain permission to try out new ways 

to learn with other students. 


ERJC - . 
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Social Psychology /Individual and 
Group Behavior 



Recognizing need for leadership within small and large 

groups. Recognizing differing needs, of individuals for 
, various roles within groups. 

Analyzing the effects of a small group making decisions 
for a larger group. 



Sociology/Social Systems 



Devising a system of working cooperatively in small and 
large groups." 

Working within established social systems to promote 

changes in learning procedures within the classroom, * 

within the school^^ ' 
Experiencing and tinders tanding differences in social 

systems in different social groups (children, adults, 

women, men, homemakers) • 
Recognizing that there are many different social groups 

and that ohe person belongs to more than one social 

group. / 



ACTIVITIES IN WAYS TO LEARN/TEACH UTILIZING LANGUAGE ARTS 



Basic Skills 

i 

Reading: 

Literal Comprehension — Decoding 
Words, Sentences, and Paragraphs 

Reading: > 

Critical ' Reading—Comprehending - 
Meanings, Interpretation 



r 



Oral Language: 
Speaking 




x Oral Language: 
Listening 



• Decoding words, sentences, and paragraphs while reading 
information relating to the topic being learned or 
taught, while reading test questions, while reading 
other people's writing. 



• Obtaining factual information about the topic being 

learned or taught. 

• Understanding whatsis read about the topic being learned 

or taught; learning the meaning of tiew words. 

• Interpreting what is read. 
F&llowing written directions. 

• Offering ideas, suggestions, and criticisms during dis- H 

cussions in small group, work and class discussions on 
■ problems and proposed solutions. 

• Reporting to' class about data collection, preparation* of 

materials, graphing. 

• Responding to criticisms of activities; responding to 

questions . > 

• Preparing, practicing, and giving effective* oral presen- 

tations when teaching students in another class, when 
encouraging othSr teachers to use suggested learning 
method with their classes. 

• Practicing and preparing lessons to be tape recorded or 

videotaped.. . / 

• Conducting opinion surveys. 

• Asking questions to obtain information; phrasing questions 

to elicit type, of response desired. 

• Using rules of grammar in speaking. 

• Using new words in the propef~bontext. 

• Explaining learning method when teaching other students. 

• Interviewing oth^r children to find best liked ways to 

learn a certain topic. 

• Following spoken directions. 
Listening to group reports. 

• Listening to responses to one's questions. 
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Oral Language: 
Memorizing 



• Memorizing portions of oral presentations to make when 

teaching other students- 

• Using memorization as one method for learning a new topic, 



Written Language: 
Spelling 



Written Language: 

Grammar — Punctuation , 
Syntax, Usage 



• Using correct spelling in writing reports, questionnaires, 

lessons, tests 

v „ 

• Using rules of grammar in writing reports, questionnaires, 

lessons, tests. 



Written Language: 
Composition 

4 



• Writing to communicate effectively: 

• preparing written reports using, notes, data, graphs, 
etc., communicating reasons for using new learning 
method. 

• preparing worksheets, scripts for a tape recording, 
directions for a game, 

• writing opinion surveys for other children; devising 
questions to elicit desired-information. 

• devising tests; judging whether a question is relevant 
and whether its yeaning is* clear. 



•Study Skills: 

Outlining/Organizing 



• Taking aiotes during class discissions , during research 

related to topic, 

• Developing opinion surveys; ordering questions around a 

central theme, such as prefejjpd learning methods. . 

• Planning presentations, data collefction schemes, etc. 

• Planning and preparing reports and lessons for critical 

review by class. ^ 

• Organizing ideas, facts, data for inclusion in reports, 

presentations; lessons. 



Study Skills: 

Using References* and Resources 



• JJsing the libraty to research information about a topic 

to be learned. 

• Using dictionary and encyclopedia to locate information. 

• Using indices and tables of contents to locate informa- % 

tion in books. 

• Using ,f How To" Cards for information on graphing, purvey- 

ing. 1 



Atti tudes/Val ties 



Appreciating the Value of Expressing 
Ideas Through Speaking and Writing , 



Appreciating the Value of 
Written Resources 



• Finding that classmates and teacher may approve of an 

idea if it is presented clearly. -\ 

• Finding that learning is N easier when ideas are presented 

clearly. \ 



• Finding that certain desired information about a topic 

can be found in library books. 

• Finding that written resources may provide an effective 

method of learning certain topics. 



, Rea 



Developing an Interest in 
ding and. Writing . 



Making Judgments Concerning 
Wh^t Is Read ' 



• Willingly looking up information about the tc^ic being 

learned . 

• Looking up more detailed information. 

• Showing a desire to work on preparing written lessons, 

reports, surveys. 



• Deciding whether" what is read is relevant to the scope 

of the topic being learned;' 

• Deciding on reliability of information obtained* from 

reading. ■ ' ' 

• Deciding whether written material is appropriate, whether, 
it says what it's supposed to say, whether it may need 
improvement.. 

•'Distinguishing facts from opinions. 



L 



Appreciating the Value of 
Different Forms of Writing, 
Different Forms of Communication 



• Finding that the best way to convey information is deter- 

. mined in part by the audience to whom it is directed; ~. 
recognizing different need* of primary children and 
older students. 

• Finding 1 that certain information can be best conveyed hy 

writing it down, preparing charts or graphs, etffc. 

• Finding that certain data or information .should be written 

down so that it can be referred to at -a later time. 

• Finding .that spoken instructions ate sometimes better than 

written instructions, and vice versa. 

• Findings that some people learn best by reading and others 

learn best by listening. v 



